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ABSTRACT

The problem of channel routing and for that matter routing in general has been at-
tacked in a heuristic manner vice analvtical. This is not necessarily “wrong”, however
it means that there is not alwavs a solution to the problem. Channel routing is one of
the most important phases in VLSI CAD (Very Large Scale Integration Computer
Aided Designy. It performs the detailed routing of a given channnel. The switchbox is
a four sided channel area. rectangular in shape. with nets entering from all four sides.
There has been much work done in the channel and switchbox routing areas. The
Greedy router, a proven heuristic, is one of the important building blocks for most of
todav’s detailed routers and 1< used as basis for this thesis. Most routers scan the rout-
g area using a left to right scanning method. This thesis attempts a different variauon
In routing, using an outward scanning technique. The thesis demonstrates how this new
algorithm can be applied to various channel routing problems. by performing tests and
making comparisons. The thesis also demonstrates how this new router can be used as
a CAD tool. The new router assumes that all pins and wiring lic on @ common grid. and
that vertical wires are on onc laver, horizontal on another. The thesis also shows how

this new channel router can be modified to allow for a switchbox router implementation.
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I. INTRODUCTION

A. SCOPE AND ORGANIZATION

The scope of this thesis involves the study of the detailed routing of VLSI cells. The
thesis is organized into five chapters. Chapter I introduces the VLSI routing problem
and the definitions of channel and switchbox. Chapter Il presents background subject
matter which is essential for this thesis and also necessary to make clearer to the reader
how routing in VLSI is accomplished. Chapter T11 contains the actual development and
implementation of the new routing algorithm. The objectives (for this thesis) are also
clearlv defined in Chapter 11, Chapter I'V contains the testing and results of the router.

Chapter Vs the conclusions.

B. ROUTING: THE PROBLEM

The task of interconnecting a large number of circuit elements in a chip is taking
up an exhorbinant amount of design time and chip arca. Roughly 30 ?, of total design
time and approximately 60 %; of the chip area are utilized just to interconnect the circuit
clements [Refl 10 p. 306]. A tremendous cffort is constantly being spent on improving
the phvsical aspects of VLSI design. However, efforts made in improving methods of
chip lavout can and do account for substantial improvements in overail VLSI circuit
design.

The interconnection of circuit elements is known as routing. The VLSI (Very Large
Scale Integration) community commonly refers to these circuit elements as “cells”. By
cells we mean multipliers, adders. shift registers and the like. Figure 1 shows how these
cells would be oriented in relation to the routirg area. In VLSI routing we are trving
to take a group of pins and combine them into individual nets. Thesc pins represent
actual grid positions in the routing area. Figure I depicts a routing problem which has
38 pins on the top of the channel and 38 pins along the bottom of the channel. Let us
refer to “pins” as the set of all pins to be connected. A “net” is a subset of pins. For
instance. in Figure 1 we have 2 pins located on the top of the channel with the net
number 17. Notice that a net with the number 0 means the pin is not used. The routing
problem is to connect each net together via a common wire. The difficulty comes in the
fact that nets sometimes cannot be overlapped, routing is usually restricted to a couple
of lavers and the VLSI chip area is not infinity. Lavers refers to the various materials

used in the VLSI design process. Some of the lavers include metall. metal2 and




polvsilicon to name but a few. "Via” is a term used to define the material which connects
multiple lavers together. M2contact 1s used to connect metall to metal2. Figure I depicts
a routing problem and shows some of the terminology. previously mentioned. that is

peculiar to VLSI routing.
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C. CHANNEL AND SWITCHBOX ROUTING

Routng can be divided into two main categories global or "loose” routing and de-
tailed routng. If a rectangulur region of silicon arca contains pins on two sides only,
then routing tools cailed channel routers can bhe used. If the region to be routed contains
pins on ull four sides, 1t 1s Kknown as a switchbox routing problem. The switchbox is a
four-sided channel area, rectangular in shape. with nets entering from all four sides. The
pins on the sides of these various routing geometries, originate from a particular cell.
The difficulty of the channel and switchbox routing solutions is the fact thut these
routers belong to the categories of NP complete problems [Ref. 2: pp. 463-466]. Con-
sequently, algorithms available todayv are heuristic in nature. They may fail to find a
sclution to a routing problem even though a solution mayv in fact exist.

One of the fundamental algorithms upon which much of routing theory is based i<
the Lee aigorithm [Refl 30 pp. 346-363]. Lee’s algorithm 1s a clasacal paper on the grid
hased reuting problem utilizing an expansion wave technique. The expansion wave
technigue 1s a method by which cells are routed by expanding their respective pins out
(i.c.. scunning) along a “wave” front and simultancously searching for a nunimal-distance
solution from point A to point B, where points A and B might be pins of two difTerent
cells. In addition to finding the shortest path, Lee was also concerned with finding the
shortest path which crosses other paths the least amount of times. From Lee’s algo-
rithm the globai -outers were developed. Global routing consists primarily of dividing
the entire design routing area into rectangular blocks. These blocks are what comprise
the various channel and switchbox type of routing areas. Following the global routers
came the more detailed channel and switchbox routers. Much of switchbox routing the-
orv 1s centered around the "Greedy” channel router, developed by Rivest and Fiduccia
[Ref. 4: p. 418]. Because of its importance the Greedy algorithm is presented in the fol-
lowing chapter.




II. BACKGROUND

A. GREEDY CHANNEL ALGORITHM AND ROUTING RESULTS

As mientioned earlier the fundamental building block for many of the channel and
switchbox routers 1s the Greedy channel router. Generally speaking the Greedy algo-
rithm or modificetions thercof cannot achieve the optimal solutions [Ref. & p. 1], how-
ever it is a good starting place. In reality, Greedy based algorithms are easier to program
and faster to compute than other alternatives and therefore are presented in many pro-
duction programs. In particular, both the Detour [Ref. 6: p. 173] and Luk’s [Ref. 7: p.
129] switchbox routers are based on the Greedy algorithm. These will be reviewed in
detatl later. The Greedy algorithm was first proposed by Rivest [Ref. 4: p. 18] T works
bv scanning the routing channel from left to right. column by column with one single
goal: to minimize the use of horizontal tracks. When applied to Deutsch’s "Diflicult”
channel example. with the channel density of 19, the Rivest's Greedy algorithm can
route the channel with 20 tracks. The terms rracks and channel density are defined later
in this section. On the other hand. the branch and bound method used by Kernighan
[Ref. 8 pp. 530-39] which spent hours of computation time uses 28 tracks. It scems the
Greedy algorithm is “the” chosen one of the channel routers. The algorithm is now
presented from [Ref. 4: pp. 418-422).

The input for the Greedy router consist of (1) a specification of a channel routing
problem and (2) three non-negative integer parameters: initial channel density, minimum
jog-length, and the steadv-net-constant. The minimum jog length is equal to the channel
density divided by 4. Experiments have shown that a higher setting (i.e.. a higher jog
number) reduces the number of vias and thus produces a better solution. a lower sctung
tends to reduce the number of tracks used. The router will make no “jogs” shorter than
the minimum jog-length. As shown in Figure 2. a jog length setting of 2 produced the
best results for the given channel routing problem. The “channel density” of a particular
channel routing problem is defined to be the maximum number of nets which have pins
on both sides of the line X = & for anv o . For example, in Figure 2, the line » = 13,
contains a channel density of 19. The purpose of the steady-net-constant is to keep to
a minimum the amount of times a multi-pin net will change tracks. Tyvpically a valuc

of 10 1s assigned to the steadv-net-constant.  Figure 2 shows the stcadyv-net-constant




net-constant assigned a value of 10, Note also that Figure 2 is the identical routing
problem as that of Figure 1.

The Greedy router scans the channel in a left-to-right. column-bv-column manner.
completing the wiring within a given column before proceeding to the next. The routing
area 18 considered to be a grid composed of vertical lines (columns) and horizontal lines
(tracks). [lts first step in a column is to make connections to any pins at the top and
bottom of the column. The connections are minimal: no more wiring is used than is
needed to bring these nets safelyv into the channel. to the first track which is either empty
or contains the desired net.

When routing a given column. the Greedy router classifies each net which has a pin
to the right as either nising, falling. or steady. A net is nising if its next pin after the
current column will be on top of the channel (say column k) and the net has no pins on
the bottom of the channel before column kK + steadv-net-constant. A net is falling if its
next pin after the current column will be on the bottom of the channel (sav column k)
and the net has no pins on the top of the channel before column k + steady-net-
constunt. Steady nets are the remaining nets.

The second step 1n a column tries to free up as many tracks as possible by making
vertical connecting jogs that “collapse” nets which currently occupy more than onc track.
The third step tries to shrink the range of tracks occupied by nets still occupying more
than one track, so collapsing these nets later will be less of a problem. I'reciig up of
tracks has the highest priority. consequently jogs made here have priority over jogs made
in the next step.

The fourth step makes “preference” jogs that move a net up if the pin is a rising pin
and moves a pin down if the pin is a falling pin. The router chooses longer jogs over
shorter ones if there is a conflict. A conflict will occur if a pin is simultaneously classi-
fied as both rising and falling. Steps three and four are considered optional steps in the
routing algerithm, but making usc of them may improve the routing results.

The fifth step is neeeded if a pin could not be connected up in step one because the
channel 1s full. In this situation the router adds a new track to the channel between ex-
1sting tracks, and connects the pin to this track. When the current column is completelv
routed. the router extends the wiring into the next column and repeats the same set of
procedures.

One nice feature of the Greedy channel router is that its control structure is very
flexible and practical. Consequently, it is easy to make changes in the heuristics utilized

to achieve special effects or to rearrange prioritics. As a result of effectively controlling




various parameters in the routing process such as the number of vias introduced. number
of kends, total wire length, the overall performance of the VLSI chip can be improved
I terms of speed, capacit ance and resistance. In the VLSI “world™. silicon real cstate 1s
at @ premiun, therefore designers must use every nucron in the most efficient manr.er
possibie, The results of the routing of Deutsch’s channel by Greedy are shown below in

Ficure 2.




1<
ot
62

-e-4-91

TEED)

‘
|

S0 T S T S S
|

B L LY XYY S o

i
o-tdeeneng
bl

+
|
+
|

ceedecamanenngy
|
e 4-c-doboe- 4o

+
!

TR RN
[
1l-4-0-t-doccs-
|'I|

z.

c |
"1

01 -t

]

NOR RN NN R RN e e e e R e s e e
- O O m e N e O © B w0 P e W N = O ® 8wl O s W N o
- - NN e - e e - - - e e
> . - N = OB s D P O B W A N e N~ O s N DO w O
v ' . ' ' 1 0 . . ' v ) v . ] . D ' ' ' [ 1 1 ) . "
G b ——— b b b— b Pam b b b G- ] . ' e G G b ® Ban bt &
' " ' v . ' . ' ‘ . ' . . . ' . " ' ' I " M H
e s S b b e b~ S G- 1 . P b G b b ten G e G- — @
' . ' . ' . ' ] ] . . . ' ] ' ' " . . }f h H
-— P ] b bem tmm fmr S bam § S e G P G G - — ¢ H
‘ 1 ' ‘ ' ' . ' y . . ' . « . . . H H
- c— o b b SEm G b tm—— S — - 8 H
v v . . . . ' . ‘ . ' « v N . .
. —— 1 . . . e S b B G b & H K

. ' . ' . . ' ' . . . ' * ' M . H H
- ‘—0 . . G tem b b e G ¢ o—— - — O H H
' v . . . . . . . ' . ' . ' . ¢ . . '
- e e— o . . . ] e e G e bm——— & 4 . H N H H
1 ' ' ’ ' . . ' ] . ' ' I ] . ' ] ' ] '
- — ] . . o ¢ —— - @ — b —— » . [ . ] 1
' ' ' ' . . . . . ’ . ' . . . ' . N H
s—o . 1 . . ' . e b . . . ' . ‘. . .
" . . . N . . . ' . . ' . v ' . . N H H
e . ' . ' . ' O —— ¢ —— b= 1 . Go v S G o b =
. ' ' . ' v . ' ' ' + ! . . ‘ ' . ' ' 1 1 . 1
' . ' ' . . ] ' ' b b bm G e & ' ] . [ + ' . .
. v ' . ‘' . . N . . . . . 1 . . ' . . » . . »
. . ' . ' . . ' . e G = G - -— - . . . ' . . . .
. . ' ' . ' . ' . ' . . ' v . . ' . + . 1 '
P b e b S S S b - — b — > — 1 . ] ' [ . 1 »
v . v . ' ' . ' ' ' 1 . . . . ' ) . ' . ] . .
e e e e e m §  Gm b S o v S S — ¢ —— — 8} . . ' H M .
" v . . ' v ' ' ' ' ' v ' . v ' ‘ » N H H
G o A e G — S = 4 S —— - — — S " $ — ¢ Gu— — & ] ] : .
. ' . ' ' . ' ' ' 1 ' ' ' . . ' ' . . ' . .
— e b b b 4 . v ' e e = B G e S+ —— 8 | . ' N N
. . ' ' ' ' . ' . . . ' ' . . . ' v ' ' ' ' . '
e bt em e e e E— S e G m— S e S G e S b Grie - —— = ® ) ' ’ H
\ ' T . v . v . ' ) . v ' . N ' v T . . . ' ' .
o e et o b —— S - > —— G = — . — " - ——— - S— &} v ‘ K
' v ' ' ' ' v . . ' ' ' 1 ' ' . . . ' . ' ' N . h
o b b b r— e S b - b o= St S r S S b S S o o b e S G- b= —— @
. ' . . ' . ' . ' ' . . . ' . v ' ‘ 1 . ' ' 1 .

P v v v S e - S e S o b T~ P S S b G b = S G — e h—— O
' ' ' v . ' ' . ' . ' ' ' s ' [ I ' v ' ' 1 h
- NN NN s e e e e e P e o B m D W e e = @O & M
o - W - O L - 4 -~ o - o w - O

SPUO3eE (6 [ = surl
051t = y3buvi.aatp
(¢ = POENn STIA
[<] - pPIsSnh SURTIIOD e1ax3
Aitsuaq) o0t - yapia-Tauveyd 1s3INsay

01 IUPISUOD-I9U~-ApEYRIIS
4 Yyibuar-bol-wnuruip
[} = Y3apim-teuuryd-TeI3tU] s3IvleweIed

L9T0wex3 31N51331G. ©,Yyosanag -xjpuaddy °g

p. 423].

(Rel. 4

Greedy’s Solution to Deutscl’s Channel

Figure 2.




B. SWITCHBOX ROUTERS AND ROUTING RESULTS

The more Fumiliar switchbox routers available include Detour [Ref. 6: pp. 173-179],
Mighty {Refl. 90 pp. 2-5]0 LUK's [Ref. 7t pp. 129-149]) adaptation of a greedv channel
router, Weaver [Ref. 10: p. 21]. and Beaver [Ref. 11: pp. 336-340)].

The Detour router is a switchbox router developed as part of the MAGIC lavout
design svstem [Ref. 12: p. 1]. It provides routing of switchboxes containing obstacles.
This "obstacle avoidance” capability gives designers the option of prewiring special nets
such as Vdd, GND, and Clock within the routing area. The router’s uniqueness lies in
1ts ability to avoid obstacles within routing regions. Furthermore, Detour allows nets
to have an arbitrary numbers of pins on each edge of the channel. In order to route
switchboxes and channels successfully. Detour uses two fundamental routing technigucs.
First. 1t resolves “cyclical conflicts”. Cyclical conflicts occur when a track is necded by
two different nets at the same time [Ref. 6: p. 174]. A cvclic conflict mayv prevent one
of the nets from occupving a desired channel track. Consequently, the net must tempo-
rarily occupy a second track to avoid conflict with other nets. Detour resolves cvelical
conflicts by implementing a strategy that initially tries to move rising and falling nets
into tracks which theyv need to make their own connections and then tries to move them
out of tracks needed by other nets to make their respective connections. Second, if a net
has more than one pin on the right edge of the channel, the router splits the net to
connect these pins.

The Mighty switchbox router is based on an algorithm that routes incrementally and
intelligently the nets in the routing region and allows modification bx a “rip-up” of nets
that may impede the complete routing of other nets [Ref. 9: p. 3]. The unique aspect
of Mighty is in the connection or changing of connections already made for nets in the
routing region to allow “poor” quality connections to find a better solution. The Mightv
router essentially has two basic techniques for making these changes. First, it initiates a
“weak” modification. This modification merely pushes aside blocking connections and
makes room for the new connections. The second tvpe is known as a “strong” modifi-
cation. With the strong modification Mighty actually “rips up” the entire process and
reroutes the old connections as well as the new connections. The Mighty router begins
to approach the realm of artificial intelligent routers, which introduces a fairlv new

switchbox router called Weaver.




Weaver uses an artificial intelhgence approach to solve VLSI routing problems.
Artficial intelligence in relation to VLSI routing will be discussed briefly in the following
section.  The Weaver methed 1s based on knowledge expert svtems and 1s very compli-
cated. The Weaver method is capable of deciding how and when a net should be routed
based upon a wide range of criteria. Weaver 1s then able to utilize the most optimum
method of routing . Specifically, the problem of rising nets, falling nets and jog distance
is handled dilferently in the Weaver method. Weaver employs the rectilinear Steiner tree
[Refl 100 pr. 26-27] to find the best routing pattern for a net and then applies the wire
length concept to each segment of the net appropriately. The rectilincar Steiner tree is
essentiallv an algorithm for finding the shortest path between pins of a net. In the past
the rectilinear Steiner tree has been used on printed circuit board routing. The wire
length concept essentially is a method of ordering nets based on their total wire length.

The Beaver method 1s a relatively new switchbox router. Beaver’'s important features
are its use of priority queues to determine the order in which nets are routed and its
prioritized control of individual track and column usage. Beaver uses a combination of
3 methods to accomplish the routing of nets: a corner router, a line sweep router, and
a thread router. Corner routing 1s done first, line sweep routing second and thread
routing is done last. The corner router attempts to connect terminals that form a corner
connection. The line sweep router uses the computational geometry technique with the
same name as shown in [Ref. 13: pp. 643-647]. This technique joins subnets. where these
subnets belong to the same net but require a connection by a common wire. The thread
router is a maze-type of router which does not restrict its connection search to anyv
particular form. All three routers are given a priority queue of nets to route. Beaver has
successfully routed all of the classic switchbox problems.

Luk’s greedy switchbox router is an extended version of the Greedy channel router
by Rivest and Fiduccia. Luk surmises that the switchbox routing problem essentially
places two additional unplanned constraints on the greedy router. Assuming that the
scan direction is from left to right, the additional constraints are:

I. To match the terminals on the left of the routing region.

2. To match the terminals on the right of the routing region.
Luk determined the following:

To overcome these constraints the router does two additional steps. First the left
edge terminals enter directly into the routing region as horizontal tracks. Second.
instead of jogging to the next top and bottom terminals as in the fourth step of the
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greedy router, the horizontal tracks are jogged to a target row. This target row is a
row where a right edge ternunal is located {Ref. 7: p. 0.

When comparing the quahty of different routers a number of factors mayv or may
not be considered depending on one’s desired routing goals. These factors and their af-
fects are listed below:

1. 100 °, routing - how much hand routing will be needed.
2. Number of vias - affects capacitance and propagation delavs.
3. Total wire length - aflects propagation delays and routing area.

4. Number of bends - same as vias.

A classical problem is the Burstein's difficult switchbox [Ref. 14: p. 223} example.
The routing results for some of the switchbox routers that have been previously men-
tioned are listed in Figures 3 through 6. and Table 1. In the via category Mightyv gen-
erated close to half the amount of vias which Detour produced. In the wire length
category Weaver showed the best performance. The Dectour router by itself was unable
to completely route the switchbox [Ref. 6: p. 178]. However, the makers of Detour were
able to find a solution by hand. In order to give the router a “hint”, the author’s of De-
tour routed one critical net by hand and then ran Detour again. This time the router
was able to complete the switchbox while working around the “hand” routing. The
durkened in portion of Figure 3 represents the part that had to be hand routed.

Table 1. SOLUTIONS TO BURSTEIN'S SWITCHBOX

ROUTER NO.of NO.of NO.of WIRE
ROWS COLS VIAS LENGTH

Detour 15 23 67 564

Luk 16 23 58 377

Weaver 15 23 4] 331

Mighty 13 22 39 541
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C. ARTIFICIAL INTELLIGENCE APPROACH TO ROUTING

Most recently there has been a new development in routing using artificial intelli-
gence. That is, the router performs routing close to what human designers would do.
These new routers rely immensely on the knowledge of human expertise in this area.
Artificial intelligent (Al) routers do not impose unnecessary constraints. The router
considers all the differcnt factors that affect the routing quality and most importantly it
allows constant user interaction throughout the routing process. The Mighty [Ref. 9:
p. 1] switchbox router has a considerable amount of Al features [Ref. 10: p. 1]. The
Beaver [Ref. 11: p. 1] and Weaver [Rel. 10: p. 1] switchbox routers are pure Al type
routers.

Al or knowledge-based expert systems arc the general class of pattern directed svs-
tems [Ref. 10: p. 435]. Pattern directed inference systems have three components: a col-
lection of programs called pattern-directed modules, a data storage, and an executive.

The important diflerence between algorithmic systems and Al is that in the former the




control and execution sequence 1s fived. whereas, in the letter the modules to be executed
are sclected by the exccutive based on the pattern of data in the data storage. The se-
quence in which modules are executed 1s unpredictable. Essentiadlyv an AT system has
three components: @ working memory, a production memory, and an mterpreter. The
working memory holds duta which represents the state of the problem. The production
memory asks questions buased on criteria and then tukes actions. The results ol these
actions might be the creation, deletion, or medilication of one or more workimg memory
modules. The interpreter decides, based on the working memory clements, which rules
are ehgible for execution and then chooses one rule. based on some predelined strategy,

to be exccuted. Tigure 7 shows a typical Al svatem,
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Figure 7.  Artificial Intelligent Routing System: [Rell 10: p. 49},
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Presentlv, Al svstems are very costly to implement. This is due mainly to: the lack

of knowledge engincers and adequate sophisticated support tools, untamiliarity of

knowledge engineers with the applicatuon arca, and unfumilianity of the experts in the
appheation area of Al svstems.

Algenthmic approaches to routing are usually very eflicient m terms of CPU time.
but poor with regards to routing performance. Knowledge-based expert svstems or Al

svstems are ineflicient time wise but have good performance [Ref. 10: p. 144!

D. SILICON COMPILERS AND ROUTING

Many of the silicon compilers available today (i.e., Genesil, Mosaico) [Ref. 150 p.
IS2] parution the routing area into small regions. Once the regions are determinced. theyv
arce then ordered so that each region can be routed and its width can be adjusted inde-
pendently of all previcusly routed regions. These routing regions are referred to as slicing
structures that may have K-bends [Refl 130 p. 1820 A divide and conguer strategy is then
used. The criucal differences compared to the standard algorithms are in the method
used to determine the next slice (i.e.. the process of global routing). Most compilers
have an algorithm such that the slicing procedure is repeated until the chip is completely
subdivided (1.¢.. at each step find the minimal-cost slice through the graph). The cost of
a slice 1s determined by the number of bends in the slice, the number of orthogonal edges
on the slice. and the number of external junctions that are created by the slice [Ref. 15
p. 183 Since most users of silicon compilers are unfamiliar with many apsects of the
VLSI process. they are predominanly interested in a working product. Consequently the
primiary goal of most silicon compilers is 100%0 routability (i.e.. no hand routing). An
example of the Genesil's silicon compilers routing is shown in Figure 8. The problem is
that of the Burstein’s difficult channel [Ref. 16: p. 637].
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1. ALGORITHM OBJECTIVES AND DEVELOPMENT

A. OBIJECTIVES

The fundamental building block for this thesis is the Greedy channel router. The
algorithm was presented in detail in Chapter 11, In this thesis, the author was not con-
cerned with the routing of cells, but rather the routing of pins. By cells we mean multi-
piters, adders, shift registers and the hke.  These cells which comprise a complete
functional chip are joined together by routing. The requirement to route cells would
require much more software development, and for the purposes of this research it was
not necessary. The router 1s only concerned with what 1€ inside the routing arce and not
what 1s outside the routng area. The pins in the router unlike Detour's cannot be ar-
bitrarily spaced. The pins are evenly spaced along all sides of the routing region. This
climinates another variable in the routing process, allows for casier program develop-
ment. and enables the rescarch to concentrate strictly on routing.

The author’s objectives were to use the Greedy channel routing algorithm as a basis
for developing a new algorithm, with one of the unique variations being the method ol
scanning the channel. With this modified scanning technique. it was envisioned that a
viable channel router could be implemented and finally lead to a switchbox router im-
plementation. The algorithm is designed to have the flexibiltiv to allow the user to vary
the columns at which the scanning starts, thereby allowing the comparing of results for
these various start positons. The modified algorithm uses an “outward” scanning ap-
proach. The scanning begins with the innermost column which contains the maximum
track density. From this point the scan moves left until the leftmost column of the
routing region 1s reached. The router then scans right unul the rightmost column is
reached, thereby completing the routing process. If there is more than one column
containing a maximum density value. then the algorithm starts the scan at the leftmost
column with the maximum density. The individual steps in the algorithm will be dis-
cussed in the development section. The reader should note again that this algorithm only
uses the Greedy algorithm as a basis. Essentially the router is “greedy” in nature, be-
cause for every new net which enters the routing region, the router establishes a new

track. There are many other similarities to the Greedy algorithm which will be outlined

in ¢etal luter in this thesis.




Thic cutvard scanning methed was first eluded to in {Ref. 4: p. 422] where the au-
thor sated: “Another variation we have not vet tried is to scan outwards from a column
of miznmum density instead of using a left-to-right scan.” The author has performed
various osis through out the construction of this modified greedv channel router, with
the ultimate goals of this new router to be capable of routing Deutsch’s channel (sce
Chuapter 11, page $) and then to modify this new algorithm to solve the switchbox
routing problem. Other goals for this thesis are to achieve 1007, routability and to re-
duce or maintain the number of vias used in comparison with Detour’s routing (1.¢., the
MAGIC svstem). With 1007, routing, this implies no hard routing. Reducing the
number of vias 1 accomplished by minimizing the number of times a net is allowed to
change tracks and. when possible, allowing the jog length to be a maximum. By reduc-
iny the number of vias, or Keeping the number of vias "low”, the propagation delavs are
further lowered by reducing the mternal capacitance. The routing capacitance betnween
metull and mietal2 and vias (1.c.. m2contact) can be approximated using a parallel plate

model [Ref. 18: p. 131]. The capacitance i1s given by:
- £,
= - (1)

where A is the area of the plate capacitor (i.e.. the via). t is the thickness, and ¢ is the
Jiciectric constant of the nsulating material. The developers of Detour make note of
the fact that their router does indeed generate a significantly higher amount of vias than
those of other routers {Refl 6: p. 178].  Additionally, it is hoped that this router may

serve as a VLSI design tool for use in the VLSI course here at the school.

B. DEVELOPMENT
1. General

The CFL (coordinate free lap) is a method of routing cells by designating them
as “symbols” and then using certain CFFL commands within a program structure to ac-
complish the desired routing of these symbols [Ref. 19: p. 3].

The author had originally proposed to use the existing CFL [Ref. 19: p. 3] sub-
routines and then program a router {algorithm) to be used as part of the CFL. This was
deemed to be too cumbersome to learn somcone else’s code. Similarily, the MAGIC
code is too complicated and instead of modifving it, the decision was made to use
MAGIC as a basis for comparing routing results of the new algorithm. The author al<o

tried to obtain the source code for other algorithms in order to enhance the comparison
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test study of this research but had no success at this endeavor. Consequently the deci-
sion was made to develop an algorithm and subsequently write the code to implement
1t

2. SCMOS/nMOS

Before commencing the development phase, it was decided to use MOSIS
scalable Complementary Metal Oxide Silicon (abbreviated CMOS) design rules. MOSIS
service 18 a prototyping service offering fast turn around standard cell and full-custom
VLSI circuit production at low cost.

There were various reasons for this decision. The first is that the past several
vears have shown a change in the technology from nMOS (n type transistor) to CMOS.
The change has occured because CMOS offers excellent performance at low power, and
scales very nicely to small feature size. Therefore. development cost are reduced and
portability 18 enhanced.  Secondly. because MAGIC supports this and with MAGIC
being the only available graphics svstem for testing of this tyvpe of VLSI routing.
SCMOS seemed to be the best way to proceed. Lavouts designed using SCMOS (the S
1s <hort for scalable) rules may be fabricated using either P-well or N-well technology
at a variciy of feature sizes [Refl 12: p. 1. manual=2]. MOSIS currently supports fabri-
cation at both .7 microns » and 1.5 microns 2. Interconnecting lavers are metall, metal2
and vias. For this router the only via utilized is m2contact. The lavers and their corre-
sponding design peculiarities are shown in Figures 9 through 11 [Ref. 12: pp 2-4,
manual=2]. It should be noted that the words “unit” and / are used interchangeably.
Henceforth, in this thesis. a 2 is that unit which contains 1.5 micron of wire length. Tt
should also be mentioned here that the MAGIC svstem has a design rule checker
(DRC). Consequently, when editing or testing the router against a certain routing area.,
the MAGIC system automatically checks that the design is within MOSIS rules. If the
rules are violated, MAGIC will display little white dots in the vicinity of the violation.
However, the algorithm is designed so as to conform to the MOSIS rules (see Figures 9
through 11) without the user having to correct for these in any way. The DRC was

simply a nice feature to have in the process of developing the router.
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The primary difference as mentioned earlier between nMOS and CMOS i1s low
power consumption in CMOS. The essential difference between SCMOS and nMOS in
relation to this research is that in nMOS there 1s only metall. There is also no m2contact
vias in nMOS. Note, however, Figure 10 1s still applicable.

3. Grid Structure

The router utilizes a grid based approach with Manhattan geometry. Grid
based means that the routing region is subsequently broken down into rows and columns
depending on the channel density and the number of pins to be routed. Manhattan ge-
ometry means that only horizontal and vertical lines are allowed. Metal2 is used in the
vertical direction and metall in the horizontal direction. There are some routers which
do allow for routing in a diagonal direction.

The size of the various routing configurations and connections were predicated
bv the DRC (see section 21 By use of the DRC and countless observations of routing
problems, we were able to produce a set of “primitive” map region configurations (sec
Figures 12-19). These primitives helped to pave the way for further algorithm develop-
ment.

The program code uses the C language and defines a structure (multiple data
storage area) called the 3M.1P_REG, i.e., the map region. The map region divides the
channel area up into individual grids. The number of grids is based on the rows deter-
mined by the channel density routine which shall be discussed later and on the number
of columns set forth by the number of pins on the top and bottom of the routing area.
Hence the number of grids is equivalent to the number of rows multiplied by the number
of columns. Each grid is K/ in height and 16/ wide. When routing a channel, K 1s valid
for Ke[7/. oo]. This feature allows the user to obtain the best possible solution and still
conform to the MOSIS rules. If all the pins entering the channel are metal2, then the
value of K could be set at 7.. However, if the pins surrounding the routing region consist
of metall, then the value of K would have to be set at a minimum of 11.. If the router
is routing a switchbox, the value of K would be set at a minimum of 19/. The criteria
for determining the above dimension of 194 was based on meeting the MOSIS rules re-
quirements for SCMOS and to account for the establishing of more tracks needed be-
vond the density limit when routing a switchbox.

Surrounding each grid is a 4/ “guard” region along the top and right side of the
grid. This 4/ is included in the 164 total width. The guard region allows the routing to
take place anywhere inside the grid and at the same time not violate any MOSIS design
rule. The routing is done along the bottom of the grid, along the left side of the gnid.
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and aleng the right side of the ¢rid. The router uses no more than one horizontal con-
nector (track) per grid when routing @ channel. The pins are extended to the tracks by
using vertieal connectors. When 1t does channel routing. the router never uses more than
nwo veriica! connectors in each grid. The tracks use the bottom of the grid. The top pins
use the left side of the grid, and the bottom pins use the right side of the grid. The
routing of the top pins is discussed initially in section 5 and depicted in Figures 12-15.
Smlarly. the routing of the bottom pins 1s discussed initially in section 6 and depicted
i Figures 16-19. The routing of pins in a switchbox is discussed in detail in section 12
of this Chapter. When routing a switchbox, the router mav place an additional track
horizontally along the center of each grid as needed. The router may also require more
than two vertical connectors in a particular column when routing a switchbox. A com-
piete discussion of the switchbox routing extension of this algorithm is contained in
section 12 of this Chapter. Whether the router 1s routing a channel or a switchbox, 1t
alwuyvs maintains one track per net per column.
4. Channel Density

The first step in the greedv channel routing process as is the case for this router
1s to compute the channel densitv. The channel density was previously defined in the
discussion pertaining to the Greedy algorithm (see Chapter Il page 4). According to
[Ref. 7: p. d]. optimality can be achieved if one can guarantee for each column, there is
only one horizontal track for cach net. Therefore, the channel density determines the
number of rows.

The reader should note that the channel density 1s the lower bound of channel
width needed to complete the routing process. When the algorithm cannot route with
the given channel density, it will indicate so. The user can then restart the algorithm with
a new channel density value or the expected channel width. The C language code for
computing the channel density i1s listed in Appendix B, in a program called number.c.

Once the channel density has been determined, the scariung from the column
with maximum channel density can commence scanning in the left direction. If there is
more than one column having a maximum density, then the router will start the scanning
from the leftmost column with maximum channel density. The router has two inputs,
the channel densitv and the starting column. Once the left scanning is completed the
right scanning can begin and is done similar to the left scan with some exceptions, which
will be pointed out in the following sections. The scanning in both left and right regions

is further broken down into top scan and bottom scan areas.




3. Left Scan Area Top Pin Routing
The next step in the routing process 1s to enable the top pins in the left scan arca
(i.¢.. the arca to the left of the column with the maximum channel density) to make their
mital entrance into the routing region. This is accomplished by asking threc essential
questions for each pin at every column in the following order:

I. Is there a track already occupied having the same net number as the pin attemipting
to make an 1nitial entrance into the routing region?

2. It there 1 not a track already occupied, with the same net number, 1s there an
emptyv track?

(VY]

If the answers to both one and two were no, is the routing region fullv occupied?

If the answer to question 1 is ves then the pin moves to this track and connects.
The reader 1s encouraged to refer to Tigures 12 through 135, to better understand how
this 1s physically accomplished.

If the answer to the first question is no and the second question is ves then the
pin moves into the routing region and occupies a new track. The track that is selected
1s the one closest to the top channel borders and also unoccupied. This i1s accomplished
by using one of the schemes depicted in Figures 12 through 135. The scheme (one of the
foury is dependent upon the tvpe of material the pin is and if the adjacent grid track is
free. Once the new track is established the algorithm looks “ahead” at all pins in the left
scan area and extends this new track to the net's leftmost boundary in the routing re-
gion. The leftmost boundary being a column which has either a top pin or bottom pin
net number the sanie as the net number of the pin currently being routed. The algorithm
then looks “behind” into the right scan area at both top and bottom pins, and finds the
net’s rightmost boundary in the routing region. The algorithm then extends the track
to this rightmost boundary. The rightmost boundary being a column which has either a
top pin or bottom pin net number the same as the net number of the pin currently being
routed. At this point in the algorithm the net now occupies a track in the range [a. b].
Where a is the leftmost boundarv of the net and b is the rightmost boundary of the net.

If the answers to questions | and 2 were no then the algorithm sends a message
indicating the channel density has been exceeded and must be increased. The router is

now ready to start the routing of the bottom pins in the left scan area.
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with pin being metall and adjacent grid track is equal or unoccupied.
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setting which is dependent on the value selected for K (see scction 3

page 25).
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(sce scction 3 page 23). The value k is then multiplied by the number

of rows to produce the required length of metal2 vertical connector

needed to reach the [ree track.
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of rows to produce the required length of metal2 vertical connector
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6. Left Scan Area Bottom Pin Routing
‘The next phase of the routing process is to complete the routing in the lelt scan

arca tor the bottom pins. This s accomplished by first scanning from the ¢olumn with

-

the munimum density to the leftmost boundary of the routing region and asking the
toilowing question at each column:

® [s there a track already occupied having the same net number as the pin?

If the answer to this question is ves, the pin then establishes the connection to
this truck (see Figures 16 through 19). thereby joining the appropriate net.

After the left scan is complete. there may still remain some bottom pins which
were not routed. The algorithm then scans from column one of the routing region to the
column where the left scan was first initiated and ask two essential questions at each
column in the following order:

1. Is there a free track?

2. Has the channel capacity been exceeded?

If the answer to the first question is ves, the algorithm allows the pin to make
a connection at this track (sce Figures 16 through 19). The track that is selected is the
one closest to the bottom channel borders and also unoccupied. The algorithm then
looks ahead in the left scan area and into the right scan (i.e., the area to the right of the
coitmn with maximum density) area and checks all the top and bottom pin net numbers
with the new track net number. The algorithm then extends the track out to the right-
most column having the same pin net number on either the top or the bottom of the
routing region. At this point in the algorithm the net now occupies a track in the range
[a. b]. where a. b. have been previously defined (see page 27 left scan top pin routing).
Unlike the top left scan routing. at this point there is no need to look back into the left
scan area because the scanning has been proceeding from column one to the column of
maximum density.

Finally. if the answer to question | was no then the algortihm sends a message

indicating the channel is full and the density must be increased.
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with pin being metall and adjacent track net is not equal to pin num-
ber. In this case k is equal to K which is the value selected by the user
(sce section 3 page 25). The value k is then multiplied by the number
of rows to produce the required length of metal2 vertical connector
necded to reach the f{ree track.
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7. Right Scan Area Top Pin Routing
The neat step in the routing process 1s to enable the top pins in the right scan
area to rake their initial entrance into the routing region. This phase 1s very similar to
the routing of the pins in the top left scan area. However, there are some important
differences. For this reason the following procedure is presented in detail. The router
now asks three essential questions for each pin at every column in the following order:

U a track already occupied having the same net number as the pin attempting
o »an nitial entrance into the routing region?

2. Is there an empty track?

3. Is the routing region fully occupied?

If the answer to question one is ves then the pin moves to this track and con-
nects. The reader is encouraged once again to refer to Figures 12 through 13, to better
understand how this is actually accomplished.

[f the answer to the first question is no and the second question is ves then the
pin moves into the routing region and occupies a new track. The track which is occupied
is the one that is closest to the top channel borders. As was the case in section 5 of this
chapter, this is accomplished by using one of the schemes depicted in Figures 12 through
13. The scheme which is used is dependent upon the type of material the pin is and if the
adjacent grid track is free or not free. Once the new track is established the algorithm
looks “ahead” at all pins (top and bottom) in the right scan area only, and extends this
new track to the net’s rightmost boundary in the routing region. The rightmost bound-
ary being a column which has either a top pin or bottom pin net number the same as
the net number of the pin currently being routed. The router also looks “behind” in the
right scan area only, and onlv at the bottom pins. The router then extends this new
track to the net’s leftmost boundary. The leftmost boundary in this case being a column
which has a bottom pin net number the same as the net number of the pin that is cur-
rently being routed. At this point in the algorithm the net now occupies a track in the
range [a, b]. where a, b have been previously defined (see page 27 left scan arca top pin
routing).

If the answers to questions 1 and 2 were no, then the algorithm sends a message
indicating the channel density has been exceeded and must be increased. The router is

now ready to start the routing of the bottom pins in the right scan area.




8. Right Scan Area Bottom Pin Routing
The last phase of the channel routing is the routing of the bottom pins in the
right scan arca. This phase is accomplished in manner verv similar to the wav routing
of the bottom pins in the left scan region was achieved. However, because of some im-
portant differences, the procedure is presented in detail. The routing at this phase is ac-
complished by first scanning from the colunmin directly to the right of the column with
the maximum density over to the rightmost boundary of the routing region and asking

the following question at each column:

e s there a track already occupied having the same net number as the pin?

If the answer to this question is ves, then the pin establishes the connection to
this track (see Figures 16 through 19), thereby joining the appropriate net.

After this right scan is complete, there may still remain some bottom pins whic!
were not routed. The algorithm then scans again from the column directly to the right
of the column with maximum channel densitv over to the rightmost column in the
routing region and ask two essential questions at each column in the following order:

1. Is there a free track?

2. Has the channel capacity been exceeded?

If the answer to the first question is ves, the algorithm allows the pin to make
a connection at this track (see Figures 16 through 19). The track that is occupied is the
one which is closest to the bottom channel borders. The algorithm then looks ahcad in
the right scan area and checks all the top and bottom pin net numbers with the new
track net number. The algorithm then extends the track out to the rightmost column
having the same pin net number on either the top or the bottom of the routing region.
At this point in the algorithm the net now occupies a track in the range [a, b], where
a. b have been previously defined (see page 27 left scan top pin routing).

Finally, if the answer to question 1 was no, then the algortihm sends a message
indicating the channel is full and the densitv must be increased.

9. Programming And Source Code

All programming of the algorithm was done in the C language by the author. This
language provided the necessary flexibility for providing easy implementation of large
structures, such as the “"MAP_REG” structure (sece Appendix B and page 25 section 3).
The entire program code for the router is listed in Appendix B. The main calling program

is called arowter.c. The programs which update grid coordinates as the routing
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progresses, begin appropriately with the word wupdure.  Programs beginning with the
word rosvfing are used to {ind an empty track. The program called message.c. sends a
message to the user indicating the channel Jensity hus been exceeded when the channel
is full. The file called glube kb is a file which contains “global” tvpe variables that are used
throughout the code. The file called makefile enables quick and easy recompilation after
corrections to programs have been made. and greatly saves on compiler time. All pro-
gramming was done on the VAX 11 785, The total code length is 4320 lines.

The program structure is such that, following initialization, arouter.c begins the
left scan sequence as described in sections § and 6. Arouter.c determines which of the
various update programs to call depending on how the questions in the algorithm se-
quence are answered. The update programs serve two basic functions. First, they update
the grid coordinates as the routing progresses. These grid coordinates represent the ac-
tual N and Y cartesian coordinates of the nets, with respect to the grid structure. The
coordinates of X=0 and Y =0 would specify the bottom left point of the grid. The nets
and their respective tracks are made up of a series of rectangles each with assigned grid
coordinates.  The second function of the update programs is to perform the actual
painting of these rectangles. The painting 1s done according to the laver tvpe (see Figures
9 through 11). After the left scan sequence is completed, arouter.c comumences the right
scan sequence in accordance with sections 7 and 8. Again, arouter.c will decide on which
of the various update programs to call depending on how the questions in the algorithm
sequence are answered. The update programs in turn mayv call the rowfind programs
when searching for a {ree (i.c.. unoccupicd) track.

10.  Similarity And Differences To Greedy

Like Greedy the algorithm does assume that all pins and wiring lie on a common
grid. Also similar to Greedy the algorithm assumes vertical wiring is done on one laver
and horizontal on another. The algorithm is similar to Greedy in that {or a net entering
the channel for the first time, a new track is established whenever possible. The algo-
rithm also uses the channel density value as an optimum starting place for deciding the
depth of the channel. similar to the Greedv method. The algorithm does scan in a col-
umn by column method which is similar to the Greedy Algorithm.

The algorithm does not however route both bottom and top pins at every col-
umn like Greedv. The algorithm instead routes top and bottom pins separately as a
“subset” in each scan area. The algorithm does not concern itself with split nets because
a track is alwavs made available or else the channel density has to be increased. The

algorithm also does not concern itself with a steadyv net constant (see Chapter 11 page
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Sy because a multiple net uses the same track. Finally, the algorithm does not recognize
rising or {alling nets, but rather the algorithm routes to the nearest empty track.

In this thesis, the primary concern was to obtain some results as to how varving
the start scanning position would affect the routing. With this in muind. some of the pa-
rameters used in the original Greedy algorithm though stll considered viable were re-
laxed. while others were restricted. This was done to expedite the research and ease some
of the alreadyv heavy programming burden.

11.  Input/Output
The initial routing area with pins. net numbers and unrouted channel area is
stored in a file of type magic called remp.anag. The results of the router are stored in a
file called routre.mag and the program code to generate this magic file is listed in the ap-
pendix under the code titled owr.c. The program is user interactive and allows for
changing such parameters as pin lavers, channel density and the start scanning position.
he user 1s also able to create a new data file (i.e.. new routing problems). There are two
ways to create a new data file. The first is through a user interactive program called
inpur.c. The main calling program will ask the user if a new data file is desired. If the
user wants to create a new data file then the program interaction begins and the data file
is stored in a file called remp.data. The user may then restart the router and use this new
data file as input. The second method is by using a program called inirialize.c. This
program is independent of the main router code and has the same structure as input.c.
The data file is also stored in a file called temp.data. Appendix A contains a detailed
procedure on how to use the router.
12.  Switchbox Routing And Algorithm Extension

Following the successful routing of the channel problem, the next goal of this
thesis was to formulate a continuation of this new algorithm to enhance the capabilities
of the router for the switchbox problem. We now describe the steps which will enable
the routing of a switchbox when incorporated into the existing channel algorithm. This
extension will make use of the new channel routing algorithm as much as possible.

Just like the top and bottom pins, the router will evenly space the left pins and
right pins along the left and right sides of the switchbox. Therefore, for every left pin
there must be a corresponding right pin. If a pin is not to be routed then it is given the
net number of zero. Left and right pins are evenly placed along the left and right edges
of the routing region with a 4/ (due to SCMOS rules and the DRC) guard region placed
in between the pins and the first and last columns of the routing region. The pins are
placed and aligned with the bottom line of their respecuve grids.
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The following is a step-byv-step program outline of the switchbox extension al-
gorithn

1. SWI: Read in necessary inputs.

[

SW2: Calculate new channel density for the switchbox - D,,.

1,9

. SW3: Establish tracks for nets with left and right pins only. Repeat this step for
all such tracks. This step is not required if a net has either top pins, bottom pins
or both.

4. SWd: Route according to channel sequence (see sections 5 through 8) and target
row techmyue (sec step four below). Scanning is done according to the channel
routing algorithm using the four area scanning method.

tn

SWS5, SW6. SW7: Connect all remaining left and right pins.

The SW is an abbreviation for the word switchbox.

The algorithm extension assumes it alwavs has enough area to do the routing.
Consequently if the arca is not available the routing will not be 100%¢. This assumption
1s not unusual; routers such as Detour also work under this premise.

The first step (SW1) in this modification would require changes to the input
phase of the routing process. This would be accomplished by the modification of the
program input.c (see Appendix B) to allow for the data entrv of the left(i) and right(i)
pins, where “1” 1s the pin number of the left and right pins. Such data would include the
pin’s net number and layer type. The program arouter.c would also have to be altered
to allow for the user to specifv whether the problem is a channel or switchbox. If the
problem i1s specified as being a switchbox then the value of K (see section 3 page 23)
would have to be set at a minimum of 19/,

The second step (SW2) would be to enable the algorithm to compute a new
channel density value based on the left(1) and right(i) pin net numbers. This new channel
density 1s designated D, . The channel density is defined to be the maximum number of
nets which have pins on both sides of the line x=o for anv 2. To find D,, the channcl
would now be rotated 90° (see Figure 1). In this case the pins that are used in the
computation are the left(1) and right(1) pins from column I to column N, where N is the
rightmost column in the routing region. The number of columns are now determined
by the number of left or right pin numbers. The program number.c can be utilized to
compute this new channel density. Now the algorithm has to compare this channel
density value, D,, to the density value computed for the top(i) and bottom(i) pins, re-
ferred to as D.. The algorithm would then choose the greater of the two values. There-

fore, the new channel density D, = max(D, D,) . D,, is the value to which the rows should
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be initalized. With this final channel densitv value computed. the pins can now be
placed along the left and right edges of the routing area in preparation for routing.

The third step (SW3) would examine all nets around the switchbox. If a net has
pins locuted on the left and right sides only. then the routing sequence would proceed
in the following manner:

1. Establish a track along the bottom edge of the row at which the net’s topmost pin
is located and connect the respective pin to this track. The length of this track is
determined by the criteria delineated in steps 2 and 3. If there i1s a conflict, then
the router places a track at the location of the left(i) pin. A conflict would arise if
a left(1) and right(1) pin both occupied a topmost position. The net’s topmost pin
in this case is the pin located closest to the top of the routing region. The pin
would have to be extended by 4/ because of the existing guard region.

v

If the net has pins on the left side only, the length of the track would be limited to
one grid (t.e.. 122). Note the actual grid width 1s 16/, but this also includes the
4z guard region. This track would be located in the grnid adjucent to the pin.
Similarly, the same procedure would apply if @ net has pins on the right side only.

L

If the net has pins located on both the left and right sides of the routing region.

then the length of this track would span the entire routing region and would be

equal to the number of columns multiplied by 164.

This step (SW3) is repeated until all nets in the above mentioned category are routed.
The fourth step (SW4) in the algorithm uses a scheme similar in nature to Luk’s

switchbox [Ref. 7: pp. 6-7]. where the following additional constraints are imposed on

the algonthm:

1. Connecting the pins on the left of the routing region.

2. Connecung the pins on the right of the routing region.

The similarity to Luk lies in the use of what are called target rows. During the channel
routing portion of the routing, the algorithm was not concerned with what specific
tracks the pins were initially allowed to occupy. However, for the switchbox routing this
is not the case. When routing the switchbox, the algorithm uses the same sequence as
that of the channel, but must ask two additional questions at each of the four scan area
phases, due to the additional constraints (left and right side). They are as follows:

1. Is there a left(i) pin net number the same as the top or bottom pin net number
which 1s currently making its initial entrance into the routing region?

2. Is there a right(i) pin net number the same as the top or bottom pin net number
which is currently making its initial entrance into the routing region?

e [f the answer to questions one and two is ves, then the router will allow the pin (top
or bottom) to jog to the track corresponding to the location of the left(i) pin. The
left(i) pin can now be extended out to this track. Assuming the right(i} pin lies on
the same row as the left(1) pin. then the length of the track would be equal to the



number of columns multiplied by 162, However, if the right(1} pin does not hie on
the same row then the track s extended out to the column containing the net's
rightmost boundary (see section 6).

¢ I the answer to gquestion one was ves and guestion two was no, then the router
will allow the pin (top or bottom) to jog to the track corresponding to the location
of the lefun) pin. The leftiny pin can now be extended out to this track. The track
1s now extended out to the column containing the net's rightmost boundary (see
section 0).

e If the answer to question one was no and guestion two was ves, then the router
will allow the pin (top or bottom) to jog to the track corresponding to the location
of the right(i) pin. The right(1) pin can now be extended out to this track. The track
18 now extended out to the column containing the nct's leftmost boundary (see
section d).

e If the answer to both questions were no, then the router will continue according
to sections S through §. depending on which scan area the routing 1s currently
taking place in.

The fifth step (SW5) in the algorithm extension would be to connect all pins on
the right side of the routing region which require no vertical connecting jogs. These are
thie right pins which have a track located at a distance of 4. to their left. The pins merely
have to extend their tracks by 4/,

The sixth step (SW6) would connect remaining pins whose corresponding net
had pins located only on the right side, left side or both. This step would be accom-
phished by routing all left side pins from top to bottom and then, if necessary, the right
side pins from top to bottom. The pins would have to make an upward vertical jog (to
avold conflicting with existing tracks), center on the adjacent grnid and finally enter the
routing region at the adjacent column. Now the column (first or last) would have to be
checked to insure there is enough vertical jogging space for each pin with a different net
number. If there is not, then the column width would have to be increased appropnately
to mnsure that space for a 3/ vertical connector is allowed and also a 4/ spacing distance
on both sides of this connector is allowed. One should recall that the column width in-
iially available for jogging is a maximum of 12/ (see section 3). However, this will be
further reduced if there are top or bottom pins which were previously routed along the
left or right sides of the grid. Once the jogging space is available. then the pins can jog
to their respective tracks.

The seventh (SW7) and final step in the algorithm extension would connect all
remaining pins. Specifically these are left(1) or right(i) pins belonging to a net which has
at least one top pin, bottom pin or both. As was the case in step 6. the sequencing will

be from the top to bottom and left side to right side. The pins would again jog upward
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verticallv {to avoid existing track conflict), center on the adjacent grid, enter the routing
region. and jog to the nearest column belonging to their respective net number. 1 a cyv-
clic contlict tbenween sume track left(n and right(1)) should arise. then the pin which will
nmuake the longer jog would have prioritv to use the track for jogging. The other pin
would then be reguired to jog down or up (depending on the location of the pin's net
track) to the next free track space and continue jogging until a column connection can
be made. A c¢velic conflict would also necessitate increasing the current column (first or

last) width by the method delineated in step 6.




IV. TESTING AND RESULTS

A. GENERAL
1. Channel Routing

The new router has been named the NPGS router. All results for the NPGS
router are presented in this scction. Comparisons of various routing problems were done
in two different wavs. First NPGS was compared against itself for various “start” scan-
ning columns. Secondly comparisons were made against MAGIC's router Detour. All
comparisons made against MAGIC were done using the identical routing arca as that
used bv the NPGS router. Unfortunatelyv, detailed comparisons could not be made
against the original Greedy algorithm because the program code for the algorithm was
not available. All experiments were conducted on the VAN 11 783 and using an ALD
787 colorwa.e monitor graphics device. The wirc length is based on units of 1.5
microns 4.

2. Switchbox Routing

This phase of the testing was accomplished bv handrouting the test examples
using the algorithm extension set forth in section 12 of Chapter III. The reason for this
was due to the time constraints involved to do the actual programming. It was decided
that only two small routing test would be conducted. Here, again the tests were con-
ducted by comparing NPGS against MAGIC and by comparing NPGS against itself.
All comparisons made against MAGIC were done using the identical routing area as
that used by the NPGS router and using the same equipment as that used for the
channel routing test.

B. CHANNEL ROUTING COMPARISONS WITH MAGIC

As stated under the objectives of this thesis. one of the goals was to be able to route
Deutsch’'s channel. The outward scanning router was capable of routing Deutsch’s
channel [Ref. 4: p. 423} and Burstein’s difficult channel [Ref. 16: p. 637). Another goal
was to achieve 100% routing. The NPGS router achieved 100%0 routing of both the
Deutsch’'s and Bursteins’s difficult channel. With regards to Deutsch’s channel the
NPGS router did beat MAGIC's router Detour in the via category by almost a factor
of two. The reason for this might be due to the obstacle avoidance capability that De-
tour posseses. Another reason may be due to the fact that Detour is capable of handling

cvclical conflicts (see page 7). This feature sometimes necessitates more laver changes
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and therefore more vias. The NPGS channel router does not have to negotiate cyvelical
contlicts, because nets with multiple pins occupy the same track. In the wire length
category Detour won out by a considerable margin. For the Deutsch’s channel test the
NPGS router channel density setting was sct at 19 and the NPGS router started scan-
ning m celumn 13, A complete and detailed Listing of the routing results for Deutsch’s
channel can be seen in Table 2. The actual routing by both NPGS and MAGIC of
Deutsch’s channel can be seen in Figures 20 and 21.

Table 2. NPGS ROUTER VS THE DETOUR (MAGIC'S) ROUTER

EXPERIMENT!
CHAN- ROUTER NO.of NO.of NO.of WIRE
NEL ROWS COLS ViAS LENGTH
PROB-
LEN
Deutech's NPGS 19 3N 64 11208
Deutsch's DETOUR 19 38 124 10301
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The reader should note that for routing purposes MAGIC does not allow for the use
of the sume pin numbers i a cell. Therefore. some nets are numbered with subscripts
a.bocoete (see Figures 21 and 23y The next test to be conducted was that of Burstein's
diificult channel. In this test the NPGS router used slightly more vias than that of the
MAGIC and in the wire length category MAGIC again beat NPGS but only by a small
amount. A possible reason for the closeness in the number of vias may be contributed
to the fact that the jog length used by Detour was set close to the channel width.
MAGIC however does produce considerably more bends than does NPGS. As previ-
ouslv mentioned. the increase in bends may contribute to slower circuitry. It should also
be pointed out that Burstein’s channel has only a third the number of pins which the
Deutsch’s channel has.  With reference to the Burstein’s channel. the NPGS channel
dencity setting was set at & and the NPGS router started scanning in column 3. A
complete and detailed isting of the routing results for Burstem's channel by both NPGS
and MAGIC cun be seen in Table 3. The actual routing by both NPGS and MAGIC

of Burstein's channel can be seen in Figures 22 and 23.

Table 3. NPGS ROUTER VS THE DETOUR (MAGIC'S) ROUTER

EXPERIMENT2
CHAN- ROUTER NO.of NO.of NO.of WIRE
NEL ROWS COLS VIAS LENGTH
PROB-
LEM
Bur<temn’s NPGS N 13 25 1357
Burstein's DETOUR N 13 2n 1310

One reason for the increase in wire length by NPGS could be due to the fact that
MAGIC does not restrict itself to wiring horizontally in metall and vertically in metal2.
where as NPGS does. By allowing either metall or metal2 in any direction, the same
column can sometimes be used for multiple nets, by overlapping layers, thereby reducing
the wire length and still meeting MOSIS rules. Another reason for the increase in wire
length may be due to the fact that NPGS does not use a rising and falling net scheme
like that of the Greedy router.
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Figure 22. Experiment2 - NPGS solution to Burstein’s difficult channel: Greedy
based algorithm with outward scanning technique. Channel density at
5 and start scan setting at 3.
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Figure 23.  Experiment2 - Detour’s solution to Burstein’s difficult channel: The
channel has the same area as that of the NPGS routing solution. The
routing was done net by net from left to right.




C. CHANNEL ROUTING COMPARISONS WITH NPGS

The final phase of channel routing tests to be conducted consisted of comparing
NPGS against itself. This involved varving the channel density and also vurving the
column from which the scanning actually begins. The tests were conducted on Burstein's
and Deutsch’s channel. The start scanning column was allowed to alternate from a
column of maximum density to column number one for two different test runs on each
of the two test channels. The channel density was Kept at the algorithm value for one
run of each of the channels and was then reduced to the lowest routable value. We did
this for both the Burstein’s and Deutsch’s channels. The algorithm value of the channel
density s the value which the program code actually computes based on the given
number of pins and corresponding net numbers (see Appendix A number.c). The reader
should note also that these are the lowest possible channel density settings for both of
the test channels which the algorithm could use and sull achieve 1007, routabiiity.
Notice that we were able to reduce the Burstein’s channel density from 3 to 4 and the
Deutsch’s channel density from 19 to 14, The results are shown below in Table 4 and

Figures 24 through 29.

Table 4. NPGS ROUTER VS NPGS ROUTER CHANNEL RESULTS

CHAN- START NO.of NO.of NO.of WIRE
NEL COL= ROWS COLS VIAS LENGTII
PROB- DENSITY#

LEM

Burstem's REN N 13 AR 1357
Burstein’s 13 5 13 23 1337
Burstein's 34 4 13 25 973
Burstemin’s 14 4 13 23 973
Deutsch's 1319 19 38 64 11208
Deutsch’s 119 19 38 69 12318
Deutsch’s 1114 14 38 69 7708
Deutsch’s 114 14 38 69 §S18

The results for the first and fifth entries in Table 4 are shown in Figures 20 and 22.
The NPGS router was unable to completely route Deutsch’s channel with a density set-
ting of 14 while still starting at a column of maximum track density. With a channel
density setting of 14 and a start column of 13 one net could not be completely routed.

Therefore, the Deutsch’s test for a channel density of 14 used a start column of 11, which

v/
to




is a column with a channel densitv of 12 (sce the seventh entry from the top of Table
4). The results for Burstein’s problem shows the NPGS outward scanning method with
the same results as the NPGS starting in column one (i.c., scanning left to right). The
Deutsch’s channel test showed the NPGS router with outward scanning winning in the
wire length category for both tests. The reason for this might be because the outward
scanning method starts with a column of maximum density and therefore allows the nets
with several pins to make an earlier channel entrance and therefore occupy a track closer
to the channel borders. The shorter the track distance is from the pin, the shorter the
overall routing wire length will be. The number of vias that were generated did not show
any significant differences. Possible methods for improving the router’s performance in

the wire length category will be discussed in Chapter V.

Figure 24. Experiment3 - NPGS solution to Burstein’s difficult channel: Greedy
based algonthm with outward scanning technique. Channel density at
5 and start scan setting at 1.
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Figure 25. Experiment4 - NPGS solution to Burstein’s difficult channel: Grecdy
based algorithm with outward scanning technique. Channel density at
4 and start scan setting at 3.

Figure 26. Experiment5 - NPGS solution to Burstein’s difficult channel: Greedy
based algorithin with outward scanning technique. Channel density at
4 and start scan setting at 1.
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Figure 27. Experiment6 - NPGS solution to Deutsch’s difficult channel: Greedy
based algorithm with outward scanning technique. Channel density at
19 and start scan setting at 1.

Possasrsrires

3 5 7 9 5 121415 7 12147 4 13 6 1518148 6 1122210 181618160 8 626110242325

Figure 28.  Experiment7 - NPGS solution to Deutscl’s difficult channel: Greedy
based algorithm with outward scanning technique. Channel density at
14 and start scan setting at 11.
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Figure 29. Experiment8 - NPGS solution to Deutsch’s difficult channel: Greedy

based algorithm with outward scanning technique. Channel density at

14 and start scan setting at |.

D. SWITCHBOX ROUTING COMPARISON WITH MAGIC

This phase of the testing was designed to prove that the algorithm extension (see
section 12 of Chapter I11) does indeed work and can be implemented as an automatic
switchbox router. The switchbox test that was used was a 48 pin’l12 net problem. The
problem contains 12 pins along cach of the routing area borders and each of the 48 pins
belongs to one of 12 nets. The routing problem is considered "moderate” in terms of
difliculty.  This tyvpe of test was selected because the NPGS router had to be “hand
routed”. The hand routing was done by following the switchbox algorithm extension.
Handrouting is accomplished by using a “mouse” device in conjunction with the CAD
tool and individually wiring each net. The NPGS router was able to find a 10096 sol-
ution and used considerably less vias than MAGIC. MAGIC's wire length was less than
that of NPGS. MAGIC, however, did not find a 100% solution to the problem. The
rcader should note that MAGIC was unable to completely route the pins along the top
edge of the routing arca corresponding to nets 9, 10, 11 and 12. The router (Detour) was
allowed to route the switchbox starting from left to right and then from right to left. In
both attempts, MAGIC was unable to complete the routing. The nets that MAGIC did
successfully route, were done net by net and automatically. A complete listing of the
routing results for the 48 pin‘12 net test is shown in Table 5. The actual routing results

are shown in Figures 30 and 31.
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Table 5. NPGS ROUTER VS THE DETOUR (MAGIC'S) ROUTER
EXPERINMENTY

SWITCH- | ROUTER | NO.of | NO.of | NO.of | WIRE %
BON ROWS | COLS | VIAS | LENGTH | Rout
PROB- -abil
LEM -ty
48pin 12net | NPGS 12 12 30 6045 1005
4Spin 12net | DETOUR | 12 12 67 5904 837,

12%1%0 o 8% 6 5 4 3 2 1

Figure 30.

Experiment9 - NPGS solution to the 48pin/12net switchbox:
based algorithm with outward scanning technique.
12 and start scan setting at 7.
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Figure 31.  Experimenty - Detour’s solution to the 48pin/12net switchbox: The
switchbox huas the same area as that of the NPGS routing solution. The
routing was done net by net from left to right.

E. SWITCHBOX ROUTING COMPARISON WITH NPGS

This test involved comparing NPGS against itself. The comparison was made be-
tween the results of the 48 pin 12 net switchbox test that was routed by NPGS (shown
in Figure 30) and routing the same problem. this time with a different starting posttion.
Ior this test the scan was initiated in column one. The results showed the via count and
wire length were identical for both test. This is due to the fact that the NPGS router
emplovs a target row concept (sce section 2 Chapter 111). By using this target row
technique, all the top pins were “targeted” for the same rows for both tests. The results

arc listed in Table 6 and shown in Figures 32 and 30.




Table 6. NPGS ROUTER VS NPGS ROUTER SWITCHBOX RESULTS
SWITCIHI- STARY NO.of NO.of NO.of WIRL
BOXN COlL= ROWS COLS VIAS LENGTIH
PROB- DENSITY=

LLEM

48pin [2net | 7 12 12 12 40 60435
ASpin 12net | 112 12 12 40 6043

Ul

RN JRRNR
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SU 1:\\\:

SR 2:\\\% £
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Figure 32.

Experiment10 - NPGS solution to the 48pin/12net switchbox:
based algorithm with outward scanning techniyue.

12 and start scan setting at |.
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F. THE ROUTER AS A CAD TOOL
This scetion was inserted to demonstrate how the router can be used as a CAD tool.
S

the top of the figure, a channel in the middle, and 12 inverters at the botton of the fig-

ure 33 depicts a wvpical VEST Javout design. The design contains 3 nand gutes along

{tir]

ure. The 3 nand gates may typically be contamned in one cell and referred to as cell 1.
Similarly the inverters are referred to as cell 2. The area in the center is the channel. The
reader can see that the channel has 24 pins which are subsequently combined into 12
nets. Once the routing problem is specified, the user can make a third cell (automat-
icallvy by utlizing the NPGS router. This third cell would contain the solution to the
routing problem. The ordering of the pins along the channel is left up to the discretion
of the user. In order to complete the design process the user only has to generate the
sters from cell two and cell one to cell three.

This example may scem trivial. but if the number of pins and nets were deubled i
size. onc can see how a hand routing solution would be very laborious and tedious. The
NPGS router offers an casy method of producing “cell” solutions to complex routing

problems.
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Figure 33. NPGS Used As A VLSI CAD Tool:

Channel routing of a VLSI de-
sign done by the NPGS router.
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V. CONCLUSION AND DISCUSSION

The outward scanning method offers vet another feasible approach to VLSI routing.
The tests in this thesis have shown that the NPGS router, whether scanning outward
or scanning in a traditional method can be used to route diflicult routing problems. The
ourward scanning technique does in fact produce overall better results, especially in the
wire length categorv. The router offers the flexibility of starting in anv column, using
any channel density setting, and choosing the best results.

The NPGS router was able to reduce or maintain the number of vias generated
compared to that of MAGIC. In the Deutsch's channel test the via reduction was as
hich a< 30"« The wire length increased from 3%0-10%0 above that of MAGIC. MAGIC
onlv allows routing one net at a time manuallv. For the channel routing problen. this
router allows all the nets to be routed automatically. This mcans that after the input
paramerters and routing problem have been specified. the NPGS router automatically
creates the routing scheme for the given area.

Another interesting conclusion is the advantages and disadvantages of grid based
routers versus gridless routers. Grid-based routers are easier to program conceptually.,
but Jdo not offer much flexibility {or changes. Gridless routers ofler a more intelligent
approach to routing. but are more difficult to program. Finally, the router can also be
used as a CAD tool in the VLSI course.

An important parameter which can be inserted and probably have the most notice-
able affect on the channel routing results would be to consider a rising and falling net
as explained below. As shown by the testing in Chapter IV, by taking into consideration
a rising falling net, we can decrease the channel density. This could concetvably be ac-
complished by inserting a new step in the algorithm, where a new pin would occupy a
track depending upon where the next pin in the net were located. If the next pin in the
net was a top pin (a rising net}, then the entering pin would occupy a free track as close
as possible to the top of the channel borders. Similarly, if the next pin in the net was a
bottom pin (a falling net), then the pin would occupy a track as close as possible to the
bottom channel borders. This rising net scheme might also be calculated on the basis
of choosing the larger of rising or falling pins within a certain net. If a certain net had
a predominance of top pins over bottom pins then the routing for that net would be

donc on a track as close to the top channel borders as possible. Simularly, the same




would hold true for a net with more bottom pins than top pins. Another method of re-
Jucing the wire length would be to use a third laver (e.g.. polvsilicon). This could be
done by allewing either the top or bottom pins to be routed using polvsilicon. This
would chinunate the need for a 4/ guard region in each grid.  The overlupping of
polvaiicon with metal2 1s within MOSIS rules and would thus eliminate the number of
vertical connectors. An evaluation of the routing geometry generated by NPGS when
solving the Deutsch’s channel problem, indicates that a 10%6 reduction in wire length is
possible. However, adding a third laver type along with a second type of via will increase
programming difficulues,

Other work on this thesis could include the development of a compaction routine,
referred to in [Ref. 4: p. 422]. This routine would allow the router to “intelligently” reduce
the track-to-track spacing and reduce the wire length if a pair of adjacent tracks does
not huve contacts next to each other in some column. This 1dea could also be used for
adjustng column-to-column spacing. [uture work on this thesis could also include the
actual programming of the switchbox algorithm portion of this thesis. Additional work
on the switchbox algorithm could include the capability to target both the left and right
pins of the switchbox. In some cases this would entail a net initially occupving two
separate tracks in the switchbox, where now it only occupies one. Future work on this
thesis could also include the programming of a stem gencrator [Ref. 7: p. 14§]. A stem
gencerator would route the pins from the actual cells to the perimeter of the routing area.
Work could also be done in actual cell routing using the NPGS router. Cell routing
would allow for the use and experimentation of the routing in an actual VLSI chip or
circuit design environment. Other parameters which were not implemented in this al-
gorithm such as jog-length or the steady net constant could be incorporated in the al-
gorithm to examune the affects thev have on the routing. Also a program to
automatically update the grid structure when the channel density 1s exceeded could be
included in the algorithm. With this automatic update the program would not have to
be restarted every time the density had to be changed.

Channel and switchbox routers are useful tools in the VLSI design process. There
still remains countless new variations of heuristics to tryv. An idea which has been sug-
gested in [Ref. 10: pp. 144-145] | concerns conducting rescarch into the integration of
an Al svstem such as Weaver and a greedy algorithmic system such as Magic. This type
of integrated syvstem would allow for choosing between time execution or overall routing

performance, based on the individual’s needs and desires.




APPENDIX A. NPGS ROUTER USER GUIDE

This appendix is designed to provide a detailed guide to using the NPGS router.

Prior to actually using the router the user should know the basic pin configuration along

each side of the channel routing area.The user should also know the net configuration

eminating from the top and bottom channel cells. The ordering of the nets is not im-

portant and therefore {lexibility is given to the user in this area. Figures 34 and 335 depict

typical user sessions. Figure 34 shows a session after invoking the command initialize.

Similarly, Figure 35 is typical after issuing the roure command.

The first step is the creation of a data file. To create a data file the user tvpes the

command initialize. The user will then be prompted for a set of input data. The prompts

for this data occur in the following order and are as follows:

1.

(2%,

LI

h

Specify the number of terminals. This is the number of pins along the top channel
borders.

Enter the netlist number for the top(i) pin. This is the net number for the corre-
sponding top pin number 1.

Enter the netlist number for the bottom(i) pin. This is the net number for the cor-
responding bottom pin number 1.

Prompts 2 and 3 are repeated unti] all top and bottom pins and their corre-
sponding net numbers have been entered in sequence.

Now the router will compute the required channel density and initialize the
MAP_REGION. The next series of prompts occur as follows:

Enter the netlayer for top(i).

Enter the netlayer for bottom(i). The netlaver refers to the type of material the pin
1s. The pin is either metall or metal2. The prompts 4 and 5 will repeat until all pins
and their corresponding lavers have been entered.

Once all the data has been recorded. it is then stored in a file called temp.data
and the user can rename this to any other convenient name. The initial channel
area with pins not routed is contained in a file called temp.mag. The user is now
ready to invoke the router. To run the router, the user tyvpes the comunand route.
The router wul prompt the user for the name of the data file by using the following
statement:

Enter the name of the data file for the router. The user then types in the appropriate
name. The user will then see the router list the number of nets and display the
channel density setting for the current channel. The user will then be asked the
following question:

Would you like to change the channel density? 1f a new value is desired then the user
now enters the number. The router will now display a complete lisitng of the pins
and respective nets in the channcl. The user is also shown the current start scan
column and asked the next question:
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S. Would vou like to change the start scan column? The user can sclect a column to
start the scanning from. The actual routing 1s now accomplished. Once this step
1» complete. the router will then ask one final question as shown below:

9. Would you like to develop a new routing data file? 1f desired. the user can now input
a complete new routing problen.

Upon completion of the routing. the results with pins and routed channel 1s stored
in a file called route.mag. The user should insure that the stems from both the top and
bottem cells are evenly spaced by a distance of 124. The user can now establish a "par-
ent” cell. The three cells (top. bottom. and routed) can be “dumped” into the parent cell

to obtuin a completed design configuration.




% initialize

THIS PROGRAM ALLOWS THE USER TO CREATE A DATA FILE
FOR THE NPGS ROUTER

IT WILL BE STORED IN A FILE CALLED TEMP.DATA
specify the number of terminals n = 2

THE NUMBER OF TERMINALS IS 2

ENTER THE NETLIST # FOR TOP 1=1

ENTER THE NETLIST # FOR BOTTOM 1=2

ENTER THE NETLIST # FOR TOP 2=3

ENTER THE NETLIST # FOR BOTTOM 2=1
TRACKS PER COLUMN IS AS FQOLLOWS

tracks = 0
tracks = 1
tracks = 0

THE CHANNEL DENSITY IS THE MAXIMUM
HORIZONTAL TRACKS = 1

enter the netlayer for topl:metall
TYPE IN topl:topl

enter the netlayer for top2:metal2
TYPE IN top2:top?2

enter the netlayer for bottoml:metall
TYPE IN botl:botl

enter the netlayer for bottom2:metall
TYPE IN bot2:bot2

Figure 34. Typical User Session Following The Initialize Command: Lnables user

to establish a data file for use with the router.
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% route
ENTER NAME OF DATA FILE FOR CHANNEL RQUTER: b.data
THE NUMBER OF NETS FOR THIS PROBLEM IS

n= 13

THE CHANNEL DENSITY SETTING IS CURRENTLY AT

MAX = 6

WOULD YOU LIKE TO CHANGE CHANNEIL DENSITY?: no
THE PIN NETS LOOK LIKE SO

top0= 0 bottom0= 0

topl= 1 bottoml= 2

top2= 2 bottom2= 4

top3= 2 bottom3= 5

top4= 4 bottom4= 8

top5= 5 bottom5= 8

top6= 8 bottomé= 10

top7= 0 bottom7= 0

top8= 10 bottom8= 9

top%= 9 bottom9= 7

topl0= 9 bottoml0= 6

topll= 6 bottomll= 3

topl2= 7 bottoml2= 3

topl3= 3 bottoml3= 1

topl4= 0 bottoml4= 0

STARTING SCAN IN COLUMN# = 3

WOULD YOU LIKE TO CHANGE THE START VALUE?: no
WOULD YOU LIKE TO DEVELOP A NEW ROUTING DATA FILE?: no
THE ROUTING IS OVER ___ BYE!!!!!! 1!

Figure 35, Typical User Session Following The Route Command: nables user to

enter a data file and invoke the router.
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APPENDIX B. C PROGRAM CODES

AROUTER.C

#include <stdio.h>
#include "globe.h"
jfinclude <ctype. h>

o,
b
At

SeseTeveYeYedesr Yoo Yo Yoo el e e e S vl dedle et e v ek dede e v e vk skl s e e v v e /
W% /
b /

SN
o

THIS IS THE BEGINNING OF THE

3 CHANNEL ROUTER ¥/
B INPUT IS DONE BY */
e A DATA FILE CONTAINING THE INPUT CHANNEL */
k THIS PROGRAM ALSO ALLOWS THE USER TO CREATE o/

A NEW DATA FILE. ¥/

b /

— T T S N S N N e
D S ) o,
O o o . P2
. )

YT e e Y e Yo e e e Y e e e e Y Y Ve e Yo v e T e e e e Ve e Ve ve Tl e e e de Y vk akedledke de e ey /

main()

{

int i,status,j,n,k,z,1l,test;

int limit,rbound,count,keep,check,tcol;
int restart,netnum,dimension,check2;
FILE “fp;

printf("ENTER NAME OF DATA FILE FOR THE ROUTER: ");
gets(fname);

fp = fopen(fname,'r");

i= 0;
while(status = nextline(fp)){
if (status == 1)
i=41i+1,
strepy(list[i]. 1tr,buf);

else
i=1i+1;
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save[i] = num;

}
metall = "metall";
metal? = "metall";
fclose(fp);

n = save[l];
printf(”THE NUMBER OF NETS FOR THIS PROBLEM IS");
printf(" na");

printf(''n= %d",n); /* read in the number of nets */
printf(" in");

for(i = 1;i< 2;i++){

limit = n + 1;

rew = n - 1; /% initialize row and columns */
col = n + 1;

rbound = col + 1;

count = 1;

}

for(i= 0 ; 1i<=399; i++){

istore[i] = O0;

k = 0;

for(i=0; i<limit*2; i+=2){

j=6+1i

k =k + 1;

top[k] = save[ j];

bottom[ k] = save[ j+1]; /* read in top and bottom net numbers */
} /* from a data file */

top[ 0] = save(2];
bottom[ 0] = save{ 3];
top| limit]= save[4];
bottom[ 1limit] = save[5];

MAX = save[ j];
keep = j+1;

printf("'THE CHANNEL DENSITY SETTING IS CURRENTLY AT");

printf(" n");
printf("MAX = %d",MAX);
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1

printf(" n');
printf(" n");

anscheck = 1;

printf("WOULD YOU LIKE TO CHANGE CHANNEL DENSITY?: "y
scanf(''%s" ,answer);

yes = "yes”;

anscheck = strcmp(answer,yes);

if(anscheck == 0)

print£("ENTER YOUR NEW DENSITY VALUE: "y,
scarfk"%d",&HAX),

printf(" .n"),

prlntf("THE DENSITY IS NOW SET AT = %d",MAX),
printf(" in");

k = 0

for(i=0; i<limit™2; i+=2){ /* read in netnums ¥/

j =6+ i /* to the map region */
k =%k + 1;

MAP_REG[ MAX + 1j[k].subreg[7].netnum = top[Kk];
MAP_REG[MAX + 1][k].subreg[1l].netnum = top{k];

tkeep[ k] = top[k];

MAP_REG[ 0] [K]. subreg[ 1] . netnum = bottom{k];
MAP_REG[{ O] [k] . subreg[ 7] . netnum = bottom{k];

bkeep{ k] = bottom[Kk];

}

for(i=0; i<=400000; i++){ /* delay program for viewer ¥/

z=z+ 1

}

printf(" n");
printf(/'THE PIN NETS LOOK LIKE SO "y
printf(" \n");

for(i=0; i<=n+1; i++){
printf( topod",l),
printf(''= %d" top[l]):
printf(" bottom i)
prlntf( = %d",bottom| i] );
printf(" hn");

}

for(i=1; i<col; i++){
row = MAX + 1;
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tcol = i
check = save[keep];
if{check == 0)

MAP_REG[ row] [ tcol]. subreg[ 1]. layer

k=1

MAP_RéG[row][tcol].subreg[7].layer

"metall",

"metall'';

/* check pin layer type */

else if(check != 0)

MAP_REG[ row] [ tcol] . subreg[ 2] . layer
k=2

MAP_RéG[row][tcol].subreg[7].layer

fanlentaatentsn'sulentanteontontsnte atantetaul,
ity TETITITICNY

SWITCHBOX.

N TN A TN TN NN
PO O O ES-
¥

dimension = 12;

MAP_REG[ row] [ tcol]
MAP_REG[ row] [ tcol]
MAP_REG[ row] [ tcol].
MAP_REG[ row] [ tcol].

MAP_REG[ row] [ tcol].
MAP_REG[ row] [ tcol].
MAP_REG[ row] [ tcol].
MAP_REG{ row] [ tcol].

keep = keep +11;
}

for(i=1; i<col; i++){

row = 0;

tcol = i;

check = save[keep];
if(check == 0)

MAP_REG{ row] [ tcol]. subreg[ 1] . layer

k=1

MAP_RéG[row][tcol].subreg[?].layer

else if(check !

MAP_REG{ row] { tcol].subreg[ 2]. layer
k=2

ﬂAP_RéG[row][tcol].subreg[?].layer

.subreg| k].
.subreg[k].

subreg/ k]
subreg[ k]

=0)

Yonlontenlsnfontantontantantectanlsnlenle clanlontantonte atante
D A At i e i Ca i g D S e i et}

11x
lly

.urx
.ury

.11x
.1ly
.urx
.ury

Tesereveveyey eye e vededeedevesede e ey e e vede e
DIMENSION THE MAP REGION
Y DIMENSION IS 7 UNITS MINIMUM
FOR A CHANNELL AND 19 FOR A

"metal2",

"metal2";

WA af, st sk
N e e e

= (tcol - 1)*16;

= MAX * dimension;
=(tcol = 1)*16 + 3;
=MAX * dimension + 3;

(tcol - 1)*16;

MAX * dimension;

MAP_REG[ row] [ tcol] . subreg[ 7]. 11x;
MAP_REG[ row] [ tcol] . subreg[ 7]. 1ly;

"metall",

"metall";

"metal2",

"metal2";
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MAP_REG[ row] [ tcol].subreg[k].11lx = (tcol - 1)*16;
MAP_REG| row] [ tcol]. subreg{k].1lly = -7;

VAP _REG[ row] [ tcol].subreg[k].urx = (tcol ~ 1)¥16 + 3;
MAP_REG[ row] [ tcol].subreg[k].ury = -4;
MAP_REG[ row] [ tcol] . subreg{[7].11x = (tcol - 1)*16;
MAP_REG] row] [ tcol]. subre0[7}.11y = -7
MAP_REG[ row] [ tcol] .subreg{7].urx = MAP_REG|{ row][tcol].subreg[7].1llx;
MAP_REG[ row] { tcol]. subreg[7]. = MAP_REG[ row] [ tcol] . subreg[7]. 1ly;
keep = keep +11;
}

/-- Yeverkestdle bt deve v s vbve e vede v s dede s dese v dese e e ae v el Yo oo de ey ‘r-n‘r/

/* */

/% */

/* input initial routing area to a magic */

/% file called temp.mag ¥/

/¥ */

/ B R R o L D R Y B B e I R R Rk it S & 1 H "‘*"-"'/
in(col,MAX);
[ Feieteideideieieielenlelelofeiodeledoieloioleiololleioloinioioiniinoinioinioinininoiolninoininiooinioleloiotinolet ot /
" g
/* THIS SECTION WILL FIND THE CORRECT COLUMN TO START AT TO INITIATE */
/* AN OUTWARD SCANNING */
/¥ TECHNIQUE BEGINNING FROM A COLUMN WITH MAXIMUM ¥/
/* DENSITY. */
I 1;
[ Fedeiedeiedeleiedeieloleloleltioeieloiinioolodeinieeineoloininindoinoio doioioioioinoninioiioiootioiooinetiet /
scol[1] = 0;
start = 0;
Tracks[ 0]




for(i=1; i<=col; i++){
Tracks[i] = number(i,&top[0] ,&bottom{0],limit);
if(Tracks[i] <= scol[1i])

scol[ i+1] = scol[i];

else if{Tracks[i] > scol[i])

scel[ i+l] = Tracks{i],

keep =
}

start = keep;,

i,

printf(" n");
printf("STARTING SCAN IN COLUMN# = %d",start);
printf(" in');

anscheck = 1;

printf("WOULD YOU LIKE TO CHANGE THE START VALUE?: "y,
scanf("%s",answer);

ves = "yes";

anscheck = strcmp(answer,yes);

if(anscheck == 0)
printf("ENTER YOUR NEW START VALUE: "y,

o

scanf('"%2d" ,&start),

printf(" n'"),
printf("'NOW STARTING SCAN IN COLUMN# = %d",start),
printf(" in");

count = start;
tcol = count;

/7'.'7':',’.".'::'c:'::'.-:':-,’:‘.'.".':‘.’.".'n‘:7’:‘.’:'.’:*'/.-:'::'t‘.’n’n':-.'\",'c****:’:**7':‘.’:‘.‘r*'.':7’:*:’:7‘#*7’?******3’:****7‘:********7‘:***‘.: /
/ b %* /
/ v b1
/* START SCANNING COLUMN BY COLUMN AND APPLY A GREEDY BASED ALGORITHM*/
/* WITH A MODIFIED SCANNING TECHNIQUE. THAT IS THE SCAN WILL GO ¥/
/% MAX DENSITY TO LEFT AND THEN MAX DENSITY TO RIGHT. */
/ % %* /
ki *
/-,'.-*-.':-.':-.'::':-,’::'::‘:z’c*z’::’:v’:-.‘r-.'n':*7’:7’::‘:‘.’:**-.':'7':7’r-.'.--.'r-.’r:'ﬂ’.-*v'c*****-k*v’r-.'n’:*v‘r*****7’.‘7’:**************1‘(* /

~J
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/

i .
while(count!=0){ /7 STARTING LEFT SCAN FIRST *
/ e
/
/

..............
k)

B s

row = MAX +1 ;
trow = row =1;

/ ey Vet e e e e v Y e e e e Ve Ve e e e e e e e e et e /
/¥ %/
/% */
/* start scan from column with max density */
/* only do this section row = max + 1 */
/ 1Y ¥ /
/ ‘ -,:r /
/ " Soveveedede e e e e e e e e e e e e e e e e e e e e e e ;‘r ;

wts atanla o
ettt e e e et i D i O

/

/ 3
/¥ find out what layer =
/¥ we have
/ kS

/

....................
......

checkl = strcmp(MAP_REG[ row] { tcol].subreg{1l]. layer,metall);

if (checkl == 0)
k=1;

else if (checkl !'= 0)
k=2;

/**********ﬂ**********************************************/
/ */
/ */
/* call update to handle */
/* situation where adjacent net # is zero */
/* or equal. ¥/
/'.'.‘ %

/ YeseVe e e ded e e e de dededeve Ve dede dede de Yo oo e de e de e e e e ve Yo e Ye¥e de ke e de dedededede Yo T e de Ve des's /




/% update coordinates ¥

SeveTedede vy Seyevryedese s e dededvedredt /

if(MAP_REG| row][tcol].subreg[1l].netnum != 0)
updatella(k,trow,tcol,row,MAX,col,dimension);

count = count -1;
tcol = tcol -1;

N s
B ;
»

|
/*END WHILE LOOP FOR LEFT SCAN ¢/
/¥0F TOP NETS W/
e /

/

Santastantsntedtesianetontantsats st e tantale e et atantstante nle clante ate nlo dfanfauts
ot e IRt S A A kAt Ot s T e A i R b i b Sty

/ desrdedededesededeedevedevede e Ve de e e ededeve Vet /
¥ /
/*START */
/*WHILE LOOP FOR LEFT SCAN */
/*0F BOTTOM NETS */
/* /

count = start;
tcol = count;
while(count != 0){
row = 0;

trow = row + 1;

checkl = stremp(MAP_REG[ row] [ tcol]. subreg[1l]. layer,metall);




if (heckl == 0)
k=1;
else if (checkl != 0)

K=2;
netnum = 0;

for(i = 1;i<= MAX; i++){
netnum = MAP_REG[ i][tcol].subreg[ 1] .netnum;

if(netnum == bkeep[tcol})
store[tcol] = 1,

.........

' s
s
o

P

* situation where one of the already
't occupied tracks have the same net number
¥ an entrance is from the bottom of routlng regicn ¥

esle O O S )
TRy

/ </
/ */
/ */
/* call update to handle </
/? */
/ */
/ /
/

rveesey .. ..’..’ tentantentsnteuleateal, Seeseres ey eYrses ey '-.
L e SV e R S L R ke t e

update&asb(k,trow,tcol,row,MAX,i,dimension);
} /¥ end for loop */

count = count - 1;

if(count == 0){ /* check all bottom pins that are still not in the ¥/
/* routing region */

for(j = 1; j<= start; j++){

netnum = bkeep| j];

if(store[j] != 1){
check2 = 0;

for(i = 1;i<= MAX; i++){

check = MAP_REG[i][ j].subreg[1].netnum;
if(check == 0)

store[ j] = 1,
trow = j + 1
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B T T T T T B e N T e e i e 2d
e O N S I T A At S T A Ear i e e e e S A S e D DTt e i T it Db Tt S b i A it D D i it e e A i Y

‘L
=
st
s

“* call update to handle *
* occupied tracks have the same net number *
* and a new track must be occupied . *

¥ pln entrance is from the bottom of routing region *
..... 3 o at. . ,'.“,"""'f*"f"f"""

wanientan'sn -.'--a-' waniesenen --'« .-»'.J...... ~---...'.. ..'..4.'_. -'----’----‘..'..'....’...-' J-J--'.
TN BESNINY ik iy IOV oty

e TN T TR TR TN TN
),
8

/
/
/
situation where none of the already %/
/
/
/
/

updateSaSb(k,trow,j,row,MAX,i,dimension),
check2 =1,
i =MAX + 1

} /* end second for loop */

" if(check2 != 1){ /* last check for a free track */
checkl = 0;

o for(l = 1; 1<=MAX; 1++){
test = MAP REG[l][J] subreg[ 1] . netnum;

if(test == netnum)
checkl =1,
update&4a4db(k,trow, j,row,MAX,1,dimension),
1 = MAX + 1;
} /* end for loop 1 */
if(checkl == 0) /* we need to increase channel density */
message(1l);
} /% end if check2 !'=1 =/

} /* end second if */
} /% end first for loop */
} /% end first if W/

tcol = tcol - 1;

/:'c-.'n'n’r7':‘.'(7':*7’.".’.‘7’(7’:***'.’r*:’::'n'.--,':-,':7'.-*".- /
/ ::.- % /
/:: * /
/* end while bottom scan */
/ £ ¥ /
/
/

e % /
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/*******************ﬁ************************************************/

count = start + 1;

tcol = count;
/-.’rv‘r-k:'c-.'c7‘:-,':v'r-.'ﬁ‘r-.'n‘n‘n‘n'f-}:-.'v:‘r-kv'::'n‘n'c*:'c‘.’::‘n‘.-v‘r /
/v‘: % /
/* * /

while(count !'= col + 1){ /* STARTING RIGHT SCAN %/
/* % /
/7': 3 /
/-,'.--,':-,‘1:'.--.'.-:'::’cs‘.-*7’:-.'n'r:':-,'n‘n'n‘:-.':7‘:7’:3’:3’17‘::‘57’:7’:7'::\':': /

row = MAX +1 ;

trow = row -1;

netnum = tkeep[tcol];

Feveseeredsy Srdere v Tr Yo Yo v e v v YT et e e Yo e vl vt eV v e e e ek /

7':/

*/

start scan from column with max density */
only do this section row = max + 1 */
3 */
</

:‘c/

*******w***********************************/

R

TN
“

S N N SN SN
.
v

/* o /
/* find out what layer */
/% we have */

o /

vevededededevededervede e vedraesedlest /
checkl = strcmp(MAP_REG[ row] [ tcol].subreg[ 1]. layer,metall);

if (checkl == 0)
k=1;

else if (checkl !'= 0)
k=2;
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/ /
/ /
/% call update to handle /
/¥ situation where we first we look for a track w/
/¥ with the same net number */
/¥ /
/ /

J T I 2 T8 PPL YT ML UL
it i b R sk O e S e Tt e b o it S T A e e bt iy

check = 0;

z = MAX;

for(j = 1; j<=MAX; j++) {

z =2z -1

if(netnum == MAP_REG[ jj[tcol].subreg{1].netnum && netnum != 0)
check =1,

/* update coordinates */

oo ofa
% e
teatalantentantentedantontontnatestastonlantentsaleatastenletest
/.‘ Sevevevesevedeevedeslededee Yoo e Yo e

updaterl2alk,dimension,z,row,tcol),
j = MAX + 1;

[ /% end for loop for same net number ¥/

PevedeeededeveTeveVededededededeveedededevededededede e de e dedede Ve de dedede e /
*/
*NOW WE MUST HANDLE SITUATION WHERE A */
*TOP NET IN THE RIGHT SCAN AREA IS */
*ENTERING THE ROUTING REGION FOR THE */
*FIRST TIME. THEREFORE WE MUST CHECK  */
*THE BOTTOM NETS FROM START PLUS ONE */
*TQ SEE IF WE MUST EXTEND TRACK IN THE */
*LEFT SCAN DIRECTION AND OF COURSE ¥/
*CHECK AHEAD INTO THE RIGHT SCAN AREA. ¥/

e NN N TN A A T TR R TR NI N
[T
o e

****************************************/




................
d

/= */
if(check == 0){ /% then we check for a free track */
/-.:.- ................ o /
for(j = 1; j<=MAX; j++){
if(MAP_REG[ j]{tcol].subreg[1l].netnum == 0 && netnum != 0)
check =1,
updater3a3b(k,trow,tcol,dimension, j,row,col),
j = MAX + 1;
i /" end for loop j */
} /% end if check %/

count = count + 1;
tcol = tcol + 1

/ Yevedivevesededededededevedesededesede oot vedle st s Yoo’ /

/-.': */
} /* end while loop right scan */
/* top nets. */

wealsa'satanlsa’nnsn'selsctonsnte st e neats nle ale wtea' e ’e ale ate afe ate ale aleute o,
/ Tedevesestveeve et Ve e e e e e T e e e ek .e.c/

/******************************w/
/s’c o /
/% START ¥*/
/* WHILE LOOP FOR RIGHT SCAN */
/* OF BOTTOM NETS */
/ Je ¥

/*******************************/
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count = start+l;

tcol = count;
while(count != col + 1){
row = 0;

trow = row + 1;

checkl = strcmp(MAP_REG[ row] [ tcol]. subreg[1]. layer,metall);

if (checkl = 0)
k=1;
else if (checkl != 0)

="
<

netnum = 0;
for(i = 1;i<= MAX; i++){
netnum = MAP_REG[ i][tcol]. subreg[ 1]. netnum;

if(netnum == bkeep|[tcol])
store{tcol] = 1,

r******************************************************+*/
/ ki 4 ¥ /
/~,‘.- L /
/% call update to handle */
/™ situation where one of the already */
/* occupied tracks have the same net number ¥/
/* pin entrance is from the bottom of routing region ¥/
/-.':* e e e e Y e e e e e e e v e e S e e e Y e e e e e vl e Yeae b e e e e nbe e dleate e /

update4adb(k,trow,tcol,row,MAX,i,dimension);
} /* end for loop */

count = count + 1;

/™ check all bottom pins that are still not in the*/
* routing region ¥/
if(count == col + 1){

for(j = start + 1; j<= col; j++){
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for(z=1; z<=MAX; z++) {
netnum = MAP_REG[ z][ j].subreg[l].netnum;

if(netnum == bkeep[ j] && store[j] != 1)
store[ j] =1,

/ e ey Yo Yede Ve e Ve Yee e e Yoy Tesfededevetede e Yededevede ""”‘1‘ Sedededevedede e e e Yo e ey, /
/% kil /
/-.': <t /
/* call update to handle */
/* situation where one of the already */
/% occupied tracks have the same net number */
/¥ pin entrancn is from the bottom of routlng reg on */
/[ e evedrdedeve VeV dedede e oo e VoY /

update&adb(k,trow, j, row,MAX,z,dimension),
2z = MAX + 1;
} /% end for loop k */

if(store[j] !'= 1){
store[ j] = 1;

/-:-..--.--.’.-:.-7.-:'.--'"‘3'.--,': eSededede e e e deede e e Yy ede Ve e e e dedee e dedededede Yo dedede e e de Yede e e e dede de e /
I % /
/* call update to handle %/
/* situation where none of the already */
/* occupied tracks have the same net number ¥/
/* and a new track must be occupied . */
/* pin entrance is from the bottom of routing region */

Yedesedeveded Yo devevevivedededeviedededededest e dedede e dededevedededededededede e e dededededede e v dedodededode s /
update5aSb(k,trow, j,row,MAX,i,dimension);

}] /¥ end if store */

} /* end j <= col for loop */

} /* end if count = col + 1 */

tcol = tcol + 1;

[ o]
to




/ Fedederbakdededbdrvedtdeveab e e ke e sk e e st /
/' kS e /
/a'c s /
} /* end while bottom scan */
i ‘ /
/

/ woutoute ot atemteataa!
BPYTIVITICIEN

?**************************************%*********************/

e g /

* THIS SECTION OUTPUTS THE CHANNEL ROUTING AREA TO A FILE *
*  QOF TYPE MAGIC *

T S N N S S
P R R )
' v

-J-J-J-J(J-J-J‘.'.-L.'..
TECRTULUTIIVENEITNN

2 Vol oo vedededovedodedededeYede de Ve dededrdedede e e e de e e e e e e e e e Ve e e e e

out(MAX,col);
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___________________________________________________

THIS SECTION ALLOWS THE USER TO CREATE A NEW DATA FILE TO *
DEFINE A NEW ROUTING PROBLEM. THE USER CAN THEN USE THIS
DATA FILE AS INPUT TO THE ROUTER. *

antenlantantenlsatsntontoslonlantuntlealanlontsntsatoniontsclratantantsatanisntentonlanlanlanlanlonlents aleale wtentanlantontontodlonlonls ala alanle ute dlanlenlante doaloate vlon'sute ntantonteale s
TEITIEY et it ittt At et b L e b b e S T D i A e i S f et A T A e o e D A b St e S e t e e A b i

e AN TR TR TN TN TN TN
SR P S
o * oo

e nteatantant,

anscheck = 1;
printf("WOULD YOU LIKE TO MAKE A NEW ROUTING DATA FILE?: "y,
scanf('"%s",answer);

yes = "yes";

anscheck = strcmp(answer,yves);

if(anscheck == 0)

input(0),

printf("THE ROUTING IS OVER ___ BYE!!t!1t11t™y;
else if (anscheck != 0)

printf(" in'");

.....

/*******************wwwww***********************k*******************/
/* */
/% W/
/* */
/s‘c o /
3/ THIS IS THE END OF MAIN ------ ROUTER. C */
/* */
/‘.': Ve /
/* */
/* *
/* ot

/*******************************************************************/
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YTy e e e Y e Y Y e e e e e Y e Y e Y e e e T e Ve Yo e v e e e ve e e v s Ve v e Y re Y de e s Yo ek v e e v b e e dledfe s o /
7:\' ;
THIS ROUTINE IS USED FOR READING THE INPUT DATA FILE. W/
THE ROUTINE CAN DIFFERENTIATE BETWEEN A CHARACTER STRING */
AND A NUMBER. %/
’j( /
v /

PREE

B
P P T S S
PRI R SRS -
2,

..................................................
...................

v
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v
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v
)
ot
o
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v
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’
v
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-
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B
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o
o
0
o
oL
¥
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-~
A
s
s
oL
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o0,
o
o
Af,
3
3
<
o,
o
N
b
X
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i
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by
o,
-
¥
o,
o
o,
-
3
B
P
o
-
S
¢
o,
-
-
o,
s
a1,
s
ar,
b
A
~
.
o
o
A
.,
B
~

nextline(fp)
FILE +*fp;

if(fgets{buf,255,fp) == NULL)
return(0);

if (isdigit(*buf) | | (*buf == '-')) -
sscanf(buf,"%d",&num);
returan(2);

}

buf[strlen(buf)-1] ="' 0';
return{l);

on
o




IN.C
#include "globe.h"
#include <stdio. h>

PROC in(col,MAX)
int col,MAX;

int i,1,k;
FILE *fp,*fopen();

atlewfouts s o ", ontautents. o ls st N3 wfontenteulonleatontents nleule u'sale olaat ataafealantontonta o . - 3 s ua ' atantontsnfosiuels
YedevededededeYede vevledediedle e Ve sk s oo e e e e e e e vt e e e e e e e Yo e dlededde e e deveve s e e e e e dede e v et v

THIS SECTION OUTPUTS THE INITIAL CHANNEL ROUTING AREA TO A FILE
OF TYPE MAGIC

e A A TR A TR TN T TN
:; PR G T

oy

!

ok % e 3k o d
N

fp = fopen(xtemg;qgg","w”);

fprintf(fp, ' '%sin", maﬁic")é
fprintf(£fp,"%s %sin", tech',"scmos");

%printf(fp,"%s %sin","timestamp","515112872");

fprintf(fp,"%s %s %sin","<<","metall","

k=1;
row=0;
for(i=1; i<col; i++){
tcol=i;
if(MAP_REG[ row] [ tcol]. subreg[k]. 11x!=0 | |
MAP_REG[row][tcol].subreg[k].urx!=0)
fprintf(£fp,"%s %d %d %d %d."'re«ct' ,MAP_REG[ row][tcol].subreg{k].1llx,
MAP_REG[ row] [ tcol] . subreg[k]. 11y,
MAP_REG[ row] [ tcol]. subreg[ k] . urx,
MAP_REG[ row] [ tcol] . subreg[k].ury);

>>");

row=1+MAX;
for(i=1; i<col; i++){
tcol=i;
if(MAP_REG[ row] [ tcol]. subreg[k]. 11x!=0 | |
MAP_REG[ row] [ tcol] . subreg| k] . urx! =0)
fprintf(fp,"%s %d %d %d %din",''rect",MAP_REG[ row][tcol].subreg[k]. l1x,
MAP_REG[ row] [ tcol] . subreg[k]. 1lly,
MAP_REG[ row] [ tcol) . subreg[ k] . urx,
MAP_REG[ row] [ tcol] . subreg{ k] .ury);




"ot "o

fprintf(fp,"%s %s %sin",<<","metal2",">>");
k=2;
row=0;
for(i=1; i<col; i++){
tcol=1i;
1f(MAP_REG[ row] [ tcol] . subreg[k]. 1l1lx!=0 | |
MAP_R“G[row][tcol subre urx!=0)

(
fprintf(£fp,"%s %4 %d %d odrf',irect" MAP_REG[ row] [ tcol].
MAP_REG[row][tcol].subreg[k]. 1lly,
MAP_REG[ row] [ tcol]. subreg{ k].urx,
MAP_REG[ row] [ tcol] . subreg[k].ury);

}
row=1+MAX;
for(i=1; i<col; i++){
tcol=i;
1f(MAP_REG[ row} [ tcol]. subreg[k].1l1lx!=0 ! |
MAP_RFG[row][tcol] subreg[k] urx!=0)
fprintf(fp,"%s %d %d %d %d.n'", rect',MAP_REG[ row][tcol]
MAP_REG[row][tcol].subreg[k] 11y,
MAP_REG[ row] [ tcol] . subreg{k]. urx,
MAP_REG[ row][tcol].subreg{k].ury);

fprintf(fp,"%s %s %s:n',''<<","labels",'">>");
1 =7
row =0;

for(i=1; i<col; i++){

tcol=i;

fprintf(£fp,"%s %s %d %d %d %d %d %d\n",''rlabel",
MAP_REG[ row] [ tcol] . subreg[ 1] . layer,

MAP_REG[ row] [ tcol] . subreg[ 1]. 11x,

MAP_REG[ row] [ tcol] . subreg( 1]. 11y,

MAP_REG[ row] [ tcol] . subreg( 1] . urx,
MAP_REG[ row] [ tcol].subreg{1l].ury,1,
MAP_REG{ row] [ tcol] . subreg[ 1] . netnum);

}

1 =7
row = MAX +1;
for(i=1; i<col; i++){
tcol=i;
fprintf(fp,"'%s %s %d %d %d %d %d %din","rlabel",

MAP_REG{ row] { tcol]. subreg[l].layer,
MAP_REG[ row] [ tcol] . subreg[1]. 11x,
MAP_REG[ row] [ tcol] . subreg{1l].1ly,
MAP_REG[ row] [ tcol] . subreg{ 1} . urx,
MAP_REG[ row] [ tcol] . subreg{ 1!.ury,1,

subreg[ k] . 11x,

.subreg[k]. 11x,
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MAP_REG[ row] [ tcol].subreg[1l].netnum);

}

' Lo ton "non 11"
p)' °°S o°s oﬂs\n ] <<' ’ end )' >> ))
)3

fprintf(f
(£p);

fclose

return(0);

J
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OUT.C
#include "globe.h"
#include <stdio. h>

eatatonlaats et e tuantantsatantadladtsats el et ata s cte te ala claatudtaataataata ate ale ataatuals cla ale ele ate ote o,
o e A e A e e i e e e N B A i e o e e e X i e i

/.‘
/-.’.-

/¥ THIS SECTION OUTPUTS THE CHANNEL ROUTING AREA TO A FILE
/* OF TYPE MAGIC

/-.::

/‘,’:

/::

.

e ndo ol fonto wlo oS nte ale ale ok o, Yo ufonteatealaal.
e it et Dt o b S e e e N e A i)

...............

B B T T A o AT ATC P NPLIPR NP SL VX S S SR SRR JE I
B e e e i A A N N e e e e A O D e e A A T D R AR e St ta D A T A T Dt i)

PROC out(MAX,col)
int MAX,col;

int i,1,k;

FILE *fp,*fopen();

fp = fopen(''route.mag","w'");
fprintf(fp,"%s,n","maﬁic")é

fprintf(fp,"%s %s.n', tech','"scmos");
fprintf(fp,"%s %sin'","timestamp","515112872");

fprintf(£fp,"%s %s %sn',"<<","metall",'>>");
k=1;
for(row =0; row<=MAX + 1; row++)
for(i=1; i<col; i++){
tcol=i;
if(MAP_REG[ row] [ tcol].subreg[k].11lx !=0 | |
MAP_REG[row][tcol].subreg[%].urx 1=0)

fprintf(£fp,"%s %d %d %d %d'n","rect" ,MAP_REG{ row][tcol].subreg[k].

MAP_REG[ row] [ tcol] . subreg{k].1lly,

MAP_REG[ row] [ tcol]. subreg[ k] . urx,

MAP_REG[ row] [ tcol].subreg|[ k].ury);
}

k=19;
for(row =0; row<=MAX + 1; row++)
for(i=1; i<col; i++){
tcol=i;
if(MAP_REG[ row] [ tcol].subreg[k].1llx !=0 | |
MAP_REG[row][tcol].subreg[%].urx 1=0)

fprintf(fp,"%s %d %d %d %d:n","rect'",MAP_REG[ row] [tcol].subreg[k].

MAP_REG[ row] [ tcol] . subreg{k]. 1lly,

MAP_REG[ row] [ tcol] . subreg[ k] . urx,

MAP_REG[ row] [ tcol] . subreg[ k] .ury);
}
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fprintf(£fp,"%s %s %s n","<<" "metal2")"

k=2;

for(row =0; row<=MAX + 1; row++)
for(i=1; i<col; i++){
tcol=i;

if(MAP_REG[ row] [ tcol]. subreg[k]).11x !=0 | |
MAP_REG[row][tcol].subreg[k].urx 1=0)

fprintf(fp,"%s %d %d %d %d.n","rect" ,MAP_REG[ row][tcol]. subreg[k]
MAP_REG[ row] [ tcol]. subreg{k]. 1ly,
MAP_REG[ row] [ tcol].subregfk].urx,
MAP_REG[ row] [ tcol].subreg{k].ury);

>>'"Yy;

}

k=3;

for(row =0; row<=MAX + 1; row++)
for(i=1; i<col; i++){
tcol=1i;

if(MAP_REG| row][tcol].subreg[k].11x !=0 | |
MAP_REG[row][tcol].subreg[k].urx 1=0)

fprintf(fp,"%s %d %d %d %dn","rect” ,MAP_REG| row][tcol]. subreg[k]
MAP_REG{ row] { tcol].subreg[k}.1ly,
MAP_REG[ row] [ tcol]. subreg[k].urx,
MAP_REG[ row] [ tcol] . subreg[k].ury);

}

fprintf(fp,"%s %s %s\n'","<<","m2contact”,'>>");

for (k=3; k<=4; k++)

for(row =0; rew<=MAX + 1; row++)
for(i=1; i<col; i++){
tcol=1i;

if(MAP_REG! row] [ tcol]. subreg[k].1llx '=0 | |
MAP_REG[row][tcol].subreg[k].urx 1=0)

fprintf(fp,"%s %d %d %d %d:n","rect' ,MAP_REG[ row] [ tcol]. subreg[k]
MAP_REG[ row] [ tcol]. subreg[k]. 11y,
MAP_REG[ row] [ tcol] . subreg[ k] . urx,
MAP_REG[ row] [ tcol] . subreg[ k] . ury);

}

k = 8;

for(row =0; row<=MAX + 1;row++)
for(i=1; i<col; i++){
tcol=i;

1if(MAP_REG[ row] [ tcol].subreg[k].1llx !=0 | |
MAP_REG[row][tcol].subreg[k].urx 1=0)

fprintf(£fp,"%s %d %d %d %d'n',"rect" ,MAP_REG[ row] [ tcol]. subreg| k]
MAP_REG[ row] [ tcol] . subreg[k]. 11y,
MAP_REG[ row] [ tcol]. subreg[k].urx,
MAP_REG[ row] [ tcol]. subreg[ k] . ury);

}

k = 6;
for(row =0; row<=MAX + 1; row++)
for(i=1; i<col; i++){
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tcol=i;
1f{MAP_REG|{ row][tccl].subreg{k].11lx !=0 | |
MAP_REG[ row] [ tcol]. subreg[k] urx 1=0)

fprlntf(Lp."%s %d %d %d %dn","rect" ,MAP_REG| row][tcol].subreg[k].11x,

MAP_REG[ row] [ tcoll. subreg[k]. 11),
“AP RLG[row][tcol].subreg[k].urx,
MAP_REG[ row] [ tcol].subreg[k].ury);

"1t

fprintf(fp,"%s %s %s:n'',""<<'" "labels",">>");

1 =7

row =0;
for(i=1; i<col; i++){
tcol=i;
forintf(£fp,"%s %s %d %d %d %d %d %d'n","rlabel",
MAP_RbG| row] (tcol] . subreg{ 1]. laver,
MAP_REG[ row] [ tcol] . subreg{1].11x,
MAP_REG[ row] [ tcol]. subreg[1]. 1ly,
MAP_REG[ row] { tcol] . subreg{ 1] . urx,
MAP_REG[ row] [ tcol]. subreg[ 1].ury,1
MAP_REG[ row] [ tcol] . subreg[ 1] .netnum);

}

1 =7

row = MAX +1;
for(i=1; i<col; i++){
tcol=i;
fprintf(fp,"%s %s %d %d %d %d %d %d'n","'rlabel",
MAP_REG[ row] [ tcol] . subreg[ 1]. layer,
MAP_REG[ row] [ tcol]. subreg{ 1]. 11x,
MAP_REG[ row] [ tcol].subreg{1]. 11y,
MAP_REG[ row] [ tcol]. subreg[l] urx,
MAP_REG[ row] [ tcol]. subreg[ 1].ury,1,
MAP_REG[ row] [ tcol] . subreg{ 1] .netnum);

fprintf( fp,"%s os /QS n",”<<","end” H>>l|);

fclose(fp);

return{0);

9]
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UPDATEI2A.C
zinclude "globe. h"
i#include <stdio.h>

PROC updatella(k,trow,tcol,row,MAX,col,dimension)
int k,trow,tcol,row,MAX,col,dimension;

{

’
’
-
;.

fastoatestrnteatatantacta st alesle ctants o ta atonto stoata ale sfaate alaate ot ola oten
ror e Db i e O L e S N e C A T ]

Sl aT af alr o alo aontolaadualoat
Yedededededevevededeed /

ROUTINE TO HANDLE COORDINATE UPDATE FOR ¥*/
LEFT SCAN REGION ONLY .THIS IS THE SITUATION W/

WHERE ENTERING NETNUM IS METALl or METAL2 ¥

P . S . 3
PRI KO SR S SO R o

/
/
AND ADJACENT GRID IS ZERO.ENTRANCE IS FROM TOP */
/
OF CHANNEL. */

/

A T N
P D N P O S R S
b 3 oSt

ar,

k*******ik;AALALAAALALLLk********************************/

int subl,savecol,j,i,netnum,srow,dim0,diml,ydim;
int subla,sub3,sub2,fact,saverow,savritecol,f;

diml = dimension - 8;
dim0 = dimension - 4;
srow = O,

subl = 0;
subla = 0;
sub2 = 0;
sub3 = 0;
savecol =
savritecol
f=20;

fact = 0;

0;
=0;

netnum = MAP_REG[MAX+1][tcol].subreg[1l].netnum;
i = tcol - 1;

while(i !'= 0){

if(tkeep[i] == netnum | | bkeep{i] == netnum)
savecol = i,

fact = (tcol - savecol)¥*16;

=1i-1;

—— e
|
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i tcol + 1;

while(i <= col){
if(tkeep] i)
savritecol

i,

netnum | | bkeep[ i]

f = (savritecol - tcol)*lé;

i+ 1;

i
}

if (MAP_REG[trow][tcol].subreg[1l].netnum
MAP_REG[ trow] [ tcol]. subreg{ 1].netnum

netnum)

011

MAP_REG[ row] [ tcol] . subreg{ 1]. netnum)

if (k == 1)
MAP_REG[ trow] [ tcol]
MAP_REG[ trow] { tcol].
MAP_REG[ trow] [ tcol]
MAP_REG| trow] { tcol]

subl = 1;

else if (k == 2)
MAP_REG[ trow] [ tcol].
MAP_REG[ trow] [ tecol].
MAP_REG[ trow] [ tcol].
MAP_REG{ trow] [ tcol].

sub2 1;

if (subl == 1)
MAP_REG[ trow] [ tcol].
MAP_REG[ trow] [ tcol].
MAP_REG[ trow] [ tcol].
MAP_REG[ trow] [ tcol].

subla = 1;

else if (sub2 == 1)

MAP_REG[ trow] [ tcol].

MAP_REG[ trow] [ tcol].

MAP_REG[ trow] [ tcol].

MAP_REG[ trow] { tcol].
sub3 = 1;

if (subla == 1)
MAP_REG|[ trow] [ tcol].

. subreg[ 3].

subreg| 3].

]
.subreg[B%.
. subreg[ 3] .

subreg| 4]
subreg 4]
subreg( 4] .
subreg| 4] .

subreg( 4}

.urx=MAP_REG[ row] [ tcol]
.ury=MAP_REG[ row] [ tcol]
. 11x=MAP_REG[ row] { tcol]
. 11y=MAP_REG| row] [ tcol]

urx=MAP_REG[ row] [ tcol].
ury=MAP_REG[ row] [ tcol].
11x=MAP_REG[ row] [ tcol].
11y=MAP_RE3S{ row] [ tcol].

.urx=MAP_REG|[ trow] [ tcol].
.ury=MAP_REG[ trow] { tcol].
. 11x=MAP_REG| trow] [ tcol].
. 11y=MAP_REG| trow] { tcol].

.urx=MAP_REG[ trow] [ tcol].
.ury=MAP_REG[ trow] [ tcol].
11x=MAP_REG[ trow] [ tcol].
11y=MAP_REG[ trow] [ tcol].

.urx=MAP_REG[ trow] [ tcol]
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. subreg[ 2] .
. subreg[ 2].
. subreg| 2].
.subreg[ 2}.

.subreg[ 2].

C1lx+4
L1ly,
. 11x,
1ly-4,

11x+3,
11y,

11lx,
1lly-dim0,

11x+4,




MAP_REG] trow] [ tcol].

MAP_REG[ trew] [ teol].

MAP_REG| trow] [ tcol].
sub3 = 1;

if (sub3 == 1)
MAP_REG] trow] [ tcol].
MAP_REG[ trow] [ tcol].
MAP_REG[ trow] [ tcol]
MAP_REG[ trow] [ tcol]
MAP_REG{ trow] [ tcol]

if (savritecol =
MAP_REG[ trcw]{tecol].
MAP_REG[ trow] [ tcol].
MAP_REG[ trow] [ tcol].
MAP_REG[ trow] [ tcol].
MAP_REG| trow] [ tcol].

subreg[ 4] . ury=MAP_REG[ trow][ tcol]. subreg]
subreg! 4] . 11x=MAP_REG[ trow] [ tcol]. subreg]
subreg{ 4] . 11y=MAP_REG| trow] [ tcol}.subreg|

7
<

/
<+

subreg[ 19] . urx=MAP_REG[ trow] [ tcol]
subreg{ 19] . ury=MAP_REG|[ trow] [ tcol]

.subreg[ 19]. 11x=
.subreg[4].11x -fact,
.subreg[ 19]. 11y=MAP_REG[ trow] [ tcol]

0)
subreg[ 19]
subreg| 19] . urx+4+f£f,

subreg| 19] . ury=MAP_REG[ trow] [ tcol]
subreg| 19]. 11x=MAP_REG{ trow] { tcol]
subreg{ 19]. 11y=MAP_REG[ trow] [ tcol].

L Urx=

.subreg| 4]
. subreg[ 4]

. subreg| 4]

].
] ury,
].

ily,
llx,
lly-4&,

.11x,
. 1ly+3,

.1ly;

. subreg[ 19] . ury,

.subreg[ 19]. 11x,
subreg[ 15]. 11y;

urx+12,

11x,

if (savritecol == 0)

MAP_REG! trow] [ tecol]. subreg[ 19]. urx=MAP_REG[ trow] [ tcol]. subreg[ 19
MAP_REG[ trow] [ tecol]. subreg{ 19]. ury=MAP_REG|{ trow]{ tcol]. subreg| 19
MAP_REG[ trow] [ tcol].subreg[ 19]. 11x=MAP_REG| trow] [ tcol]. subreg[ 19
MAP_REG{ trow] {tccl].subreg{ 19]. 11y=MAP_REG{ trow] [ tcol].subreg[ 19]. 11y;
}
if (MAP_REG[trow][tcol].subreg{1l].netnum != 0 | |

MAP_REG[ trow] {tcol].subreg[1l].netnum !=

MAP_REG[ row] [ tcol]. subreg|[ 1] .netnum && sub3 != 1){

* REGION

R
P2 b

if(sub3 1=1)
ydim = dimension,
Srow=

¥ CALL UPDATE3A3B.C IF PIN COULD =*
“ NOT ENTER ROUTING ¥

en'snlanlfantenteatenlsntants dlsatanlanlanton’s ot
TITITADUTITIIVIUEWNINEY "

<%

o, 3
b3 -
o, A o 9. o,
W - W

AN TN TR TR TN TN

update3a3b(k,trow,tcol,row,MAX,savecol,fact,savritecol,f,netnum,ydim);




.

if(sub3 == 1 && srow == 0)}{

for(i = 0;1i <= tcol; i++){

MAP_REG[ trow}[i].subreg{1l].netnum = netnum; /* update track with ¥/

i /¥ appropriate netnumber ¥/

]

if(savritecol != 0 && srow == 0){

for(i = 0;1 <= savritecol; i++){

MAP_REG[ trow][i].subreg[1l].netnum = netnum; /* update track with */

} /¥ appropriate netnumber ¥/

}

return(k);

}
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UPDATE3A3B.C

S S e PP J PL MK WK PCISR M SO e

/

“* ROUTINE TO HANDLE SITUATION WHERE PIN IS METAL1 OR
“ METAL2 ENTERING FROM TOP OF ROUTING REGION
* BUT ADJACENT NETNCM IS NOT EQUAL.

A TN TN T T TN
o
Sl sl sl bl sk

Sedededededeededededodededede v dededededededese Yoo dededede el de e dedodededeededededededede e dedede ek /

#include ''globe.h"
#include <stdio. h>
RCC update3a3b(k,trow,tcol,row,
MAX,savecol,fact,savritecol,f,netnum,dimension)
int k,trow,tcol,row,MAX,savecol, fact,savritecol,f,netnum,dimension;
{
int save,tcount,dense,srow,j,i,dim0,diml,ydim;
int subl3a,sub3b,sub3c,sub3d,0;
dixC dimension -&;
cimi dirension -8;
ydim = dimension;

nrow = trow -1; /* increment to the next row and check ¥/
save = trow;
0=1; /¥ set row olfset counter */

sub3a
sub3b
sub3c
sub3d
tcount =
save = (;
srow = 0

ionoa
OO0 O

while(nrow != 0)}{

if(MAP_REG[nrow] [ tcol}. subreg[ 1].netnum == 0 | |
MAP_REG{ nrow] [ tcol]. subreg[ 1] . netnum ==
#IAP_REG[ row] [ tcol] . subreg[ 1]. netnum) §

if (k == 1)
MAP_REG[ trow] { tcol].subreg! 3]. urx=MAP_REG|[ row] [ tcol]. subreg[ 1]. 11x+4,
MAP_REG[ trow] [ tcol]. subreg( 3] . ury=MAP_REG[ row] [ tcol] . subreg| 1j. 11y,
MAP_REG[ trow] [ tcol]. subreg[ 3]. 11x=MAP_REG[ row] [ tcol]. subreg[ 1] . 11x,
MAP_REG[ trow] [ tcol] . subreg[ 3] . 11y=MAP_REG|[ row] [ tcol]. subreg{1].11ly-4,
sub3a = 1;

else if (k == 2)
MAP_REG{ trow] [ tcol]. subreg( 2]. urx=MAP_REG{ row] [ tcol]. subreg[ 2].
MAP_REG{ trow] [ tcol]. subreg[ 2].ury=MAP_REG{ row] [ tcol].subreg|2]. 11y,
MAP_REG[ trow] [ tcol].subreg{2]. 11x=MAP_REG[ row] [ tcol]. subreg| 2]
MAP_REG{ trow] { tcol].subreg{ 2]. 11y=MAP_REG|[ row] [ tcol]. subreg| 2]
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1 f (subla== 1)
LaP_REG trow){teod
MAT_RLCG, trow)  teel
MAP_REG{ trow][tcol
MAFP_REG[ trow] [ tcol

sub3b = 1;

if (subl3c == 1)
MAP_REG[ nrow] | tcol].
MAP_REG{ nrow] [ tcoi].
MAP_REG! nrow] [ tcol].
“if_FrP nrewl ! tcol].

subld = 1;

if (sub3d == )
MAP_REG{ nrow] [ tcol]

VAT DEST

ml

TCw nrow,
nrow 1; FAL

if (savritecol !=
MAP_REG] srow] | tcol].
MAF_REG{ srow][tcol].

MAP_REG|[ srow][tcol].
MAP_REGI srow) [ tcol].
MAP_RZIG  srow] [tcol].

if (savritecol ==

MAP_REG{ srow] | tcol].
HAP_REG{ srow] [ tcol].

]
MAP_KEG{ srow] [ tcol]
MAP_REG! srow] [ tcol].

J

if (sub3d == 1){

e s

.stbreg] 2]
.subreg! 2]
.subreg| 2].
.subreg| 2]
.subreg[ 2]

subreg[ 4]
subreg[u]
subreg[4].
subreg[ 4] .

.subreg[ 19}
_REG[nrow] [ tcol]
WAP _REG nrow]{tcol].
MAP_REG|{ nrow] { tcol]j.
MAP_REG{ nrew] [ tecol].

subreg! 19]

subreg[ 19].

subregl 4].

subreg[ 19].

0)
subreg| 19]
subreg[ 19]
subreg[ 19]

subreg{ 19].
subreg[ 19].

0)
subreg[ 19]
subreg| 19]

subreg[ 19].
{19].

subreg

for(i = 0;i<=tcol; i++){

.urx=NAP_REC[ trow] | tcol]
LUry=MAP_KEG] trow] [ tcol].
. 11x=MAP_REG[ trow] [ tcol].
. 11y=MAP_REG[ trow] [ tcol].

. urx=MAP_REG[ trow] [ tcol].
.ury=MAP_REG| trow] [ tcol].

11x=M4P _REG| trow] [ tcol].

L1ly=
liv-vdie™0,

.urx=MAP_REG[nrow] [ tcol].
.urv=MAP_REG[ nrow] [ tcol].

11x=MAP_REG[nrow][ tcol].
11y=MAP_REG[ nrow] { tcol].

urx=MAP_REG[nrow} [ tcol].
.ury=MAP_REG[nrow][tcol].

11x=
11x - fact,

set nrow = 0 you found a good usable

.urx =

.urx 44+ 8+f,
.ury=MAP_REG[ srow] |
11x=MAP_REG[ srow][ tcol]
11y=MAP_REG|[ srow; [ tcol]

. urx=MAP_REG[ srow] [ tcol]
.ury=MAP_REG[ srow] [ tcol]
11x=MAP_REG{ srow] [ tcol]
11y=MAP_REG|[ srow]{ tcol]

9%

11y=MAP_REG[nrow] [ tcol].

tcol].

subregf 3].
subreg| 2
subreg| 3} .
subreg[ 3] .

track */

subreg[ %] .
subregl 4].

subreg[ 4] .

11x+3,

- 11y,

1lx,

1ly-diml,

L 11x+3,
11y,
. 11x,

L 1lx+4
.1ly,
C1iw,
.1ly-4,

11x,
11v43,

subreg[ 19] . ury,

.subreg{ 19]. 11x,
.subreg[ 19]. 11y;

. subreg| 4]

. subreg[ 4].
.urx,

. subreg[ 4]

.subreg| 4].

.urx+8,

11y+3,

1ly;




MAFP_REG! srow] [ 1i].subreg{1].netnum = netnum;

/

} /% update track with the appropriate netnumber */

if (sub3d == 1 && savritecol !'= 0){
for(i = 0;i<= savritecol; i++){
MA?_REG{ srow]{i].subreg{l].netnum = netnum;

0=0+1;
nrow = nrow =-1;
if(tcount == save)

dense = MAX + 1,

printf("THE CHANNEL DENSITY CAPACITY HAS BEEN EXCEEDED !!! n"),
printf("THEREFORE YOU MUST RESTART THE PROGRAM AND INCREASE.n"),
printf("THE DENSITY BY ONEin"),

printf("DENSITY = %d",dense),

printf(" n"),
printf("START = %d'',start),
printf(" :n");

J

return(srow);

}
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UPDATE4A4B.C
#include "globe.h"
f#tinclude <stdio.h>

..................

wleclealvnen'antentrnlsatsntsnsatentsatenlen v ate n
VrTeyevr s e v e e S ve
o's o
/.‘ kD
o'
W

/*PROGRAM HANDLE /
/*SITUATION OF PIN ENTERING CHANNEL w/
/*FROM BOTTOM TO A TRACK ALREADY OCCUPIED ¥*/
/*WITH SAME NETNUM.USED IN THE LEFT SCAN AND ¥/
/*RIGHT SCAN AREA. */
/ Teveeveedevevesye e oo e e v v Akt S e v ekl

Byesevrvedevedk Y Te b se Y de e g e vk ot /

PROC updateé4aéb(k,trow,tcol,row,MAX, j,dimension)

int k,trow,tcol,row,MAX, j,dimension;

{

int check,save,tcount,dense,i,srow,ydim,fact,m,f;

int sub&4,subd4a,sub4b,subdéc,sub4d,subbe,sub4f,subldg,netnum;

vdim = dimension;
netnum = bkeep[tcol];

nrow
save

J;
MAX;

check = strcemp(MAP_REG[row][tcol].subreg[l]. layer,metall);

if(check == 0)

k = 1;
else if(check 1= 0)
k = 2;
f =0
i = tcol + 1;
while(i <= col){
if(tkeep|[i] == netnum)
f = (i - tcol)*lé6,
i=-col +1;
i=1i+ 1
}
sub4 = 0;
sub4a = 0;
sub4b = 0;
sub4c = 0;
sub4d = 0;
sub4e = 0;
sub4f = 0;
sub4g = 0;
row = 0;

-
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if(netnum !'= 0 ){
if (k 1)

MAP_REG[ row] [tcel].subreg[ 1] . urx=MAP_REG| row] [ tcol] . subreg|[ 1].urx+9,
MAF_REG] row] [ tcol].subreg| 1]. ury=MAP_REG| row] [ tcol]. subreg[ 1].ury,
MAP_REG] row]{ tcol].subreg| 1]. 11x=MAP_REG[ row] [ tcol].subreg[1]. 11x,
MAP_REG[ row] [ tcol]. subreg[ 1}. 11y=MAP_REG[ row] [ tcol].subreg[1]. 1lly,
MAP_REG[ row] [ tcol].subreg[ 4] . urx=MAP_REG[ row] [ tcol]. subreg{ 1] . urx,
MAP_REG[ row] [ tcol]. subreg[ 4] . ury=MAP_REG[ row] [ tcol]. subreg{ 1].ury,
sub4c =1;
else if (k == 2)
MAP_REG[ row] [ tcol]. subreg[ 2] . urx=MAP_REG[ row] [ tcol]. subreg 2] . urx+9,
MAP_REG[ row] [ tcol]. subreg[ 2] . ury=MAP_REG[ row] [ tcol] . subreg 2] . ury,
MAP_REG[ row] [ tcol] . subreg[ 2]. 11x=MAP_REG[ row] [ tcol]. subreg[ 2]. 11x,
MAP_REG[ row] { tcol] . subreg[2]. 11y=MAP_REG|[ row] [ tcol]. subreg[2]. 1ly,
m= 0,
subda = 1;
if (sub4c == 1)
MAP_REG[ row] [ tcol]. subreg[4]. 11x=MAP_REG[ row] [ tcol]. subreg[ 1].urx-4,
MAP_REG[ row] [ tcol]. subreg[ 4] . 11y=MAP_REG] row] [ tcol].subreg{1].1ly-1,
MAP_REG|[ row] [ tcol]. subreg| 2] . urx=MAP_REG{ row] [ tcol]. subreg{ 4] . urx,
MAP_REG[ row] [ tcol]). subreg[ 2].ury=MAP_REG[ row] [ tcol] . subreg[4].ury+4,
MAP_REG[ row] [ tcol].subreg[2]. 11x=MAP_REG[ row] [ tcol]. subreg[4]. 11x+1,
MAP_REG[ row] [ tcol].subreg[2]. 11y=MAP_REG[ row] [ tcol].subreg[4]. 1lly+4,
m=4&,
sub4a = 1;
if (subda == 1)
fact = (nrow * ydim) -(ydim - 7) - m,
MAP_REG[ nrow] [ tcol].subreg[5). urx=MAP_REG[ row] [ tcol]. subreg| 2] . urx,
MAP_REG[ nrow] [ tcol]. subreg{5].ury=MAP_REG| row] [ tcol]. subreg{ 2] . ury+fact,
MAP_REG{ nrow] [ tcol].subreg{5]. 11x=MAP_REG[ row] [ tcol]. subreg[ 2}.urx-3,
MAP_REG[nrow] [ tcol].subreg[5]. 11y=MAP_REG[ row] [ tcol] . subreg] 2} . ury,
sub4b = 1;
if (sub4b == 1)
MAP_REG[nrow] [ tcol]. subreg| 6] . urx=MAP_REG[ nrow] [ tcol]. subreg[ 5} . urx,
MAP_REG[ nrow] [ tcol] . subreg[ 6] . ury=MAP_REG[ nrow] [ tcol]. subreg[ 5].ury+l,
MAP_REG[nrow] [ tcol]. subreg[ 6]. 11x=MAP_REG[ nrow] [ tcol]. subreg( 5] .urx-4,
MAP_REG[ nrow]{ tcol].subreg| 6].11y=MAP_REG|[nrow] [ tcol].subreg|5].ury-3,
sub4c = 1;
if (sub4c == 1)
MAP_REG[ nrow] [ tcol] . subreg[ 19] . urx=MAP_REG[ nrow] [ tcol]. subreg[ 6] . 11x,
MAP_REG[ nrow] [ tcol]. subreg[ 19] . ury=MAP_REG[ nrow] [ tcol] . subreg( 6] .ury-1,
MAP_REG[ nrow] [ tcol].subreg|[ 19]. 11x=MAP_REG[ nrow] [ tcol] . subreg[6].11x-8,
MAP_REG[ nrow] [ tcol]. subreg[ 19]. 11y=MAP_REG[nrow] [ tcol]. subreg[ 6].1ly,

sub4dd = 1;
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if (subidd == 1)
MAP_REG! nrow][tcol].subreg{19].
MAP_REG{ nrow] ! tcol].subregl 19].
MAP_RZG[ nrowj{tcol].subreg({ 19].
MAP_REG[ nrowj | tcol].subreg| 19].
} /* endif netnum != 0 %/

return(0);

}

urx=MAP_REG[nrow] [ tcol].subreg| 19].
ury=MAP_REG[nrow] [ tcol].subreg[ 19].
11x=MAP_REG[nrow] [ tcol].subreg[ 19].
11y=MAP_REG|[nrow] [ tcol}]. subreg| 19].

urx+f,
ury,
1ix,
11y;




UPDATESASB.C
#include "glcbe.h"
jrinclude <stdio. h>

/ Y e e e e e e e e e e e e e e e e e e e e e e e s e e ey /
/¥ o /
/% ROUTINE TO HANDLE SITUATION WHERE ENTERING ¥/
/% NET NUMBER rROM BOTTOM IS NOT EQUAL TO ANY */
/% OCCUPIED TRACKS.USED IN BOTH LEFT SCAN AND ¥/
/* RIGHT SCAN REGION. */
] */
/ Sevdeseevededeede Ve veed eledeevedededededede Yoo devedede s /

PROC updateba3b(k,trow,tcol,row,MAX, j,dimension)

int k,trow,tcol,row,MAX, j,dimension;

{

int check,save,tcount,dense,i,srow,ydim, fact,m;

int sub3,sub3a,sub5b,sub3c,sub3d,subSe,sub5f,sub5g;
int netnum,saveritecol,factor,test;

vdim = dimension;

netnum = 0;

factor = 0;

saveritecol = 0;

netnum = MAP_REG[ O] [ tcol]. subreg[1l].netnum;
i = tcol + 1;
while(i 1= col + 1){
if(tkeep[ i] == netnum | | bkeep[i] == netnum)
saveritecol = i,
factor = (saveritecol - tcol)*16 -12;

/* note here we only have to check */
/* one way for other pins because */
/* this is after initial scan is */
/* complete therefore we are */
/% scanning from left to right */

i=1i+ 1;
}/* end while loop ¥/

for(i = 1; i<=MAX; i++){

test = MAP_REG[i][tcol].subreg[1].netnum;
if(test == netnum && test != 0)

j =1

}

check = strcmp(MAP_REG| row] [ tcol].subreg[1]. layer,metall);
if(check == 0)
k= 1;

if(check != 0)
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nrow =

3
save MAX;

if(tcol >= start + 1)
nrow = rowfind(saveritecol,tcol,MAX);

sub3> = 0;
sub3a
sub5b
sub5c
sub5d
sub>e
sub3f
sub5g

v ws W

-

[eNoNoRoRoNeNe]

-

-

if(netnum !'= 0 && nrow != 0){

if (k = 1)

MAP_REG[ nrow] [ tcol].
MAP_REG[ nrow] [ tcol].
.subreg[1}.
.subreg| 1}.

MAP_REG[ nrow] [ tcol]
MAP_REG[ nrow] [ tcol]
subSe =1;

if (k == 2)
MAP_REG[ nrow] [ tcol]
MAP_
MAP_REG[ nrow] [ tcol]

m=0,
sub5a = 1;

if(subSe = 1)

MAP_REG[ nrow] [ tcol].
MAP_REG[ nrow] [ tcol]j.

subreg( 1]
subreg( 1]

. subreg( 2
MAP_REG[ nrow] { tcol].
REG[nrow] [ tcol].

subreg[Z}
subreg| 2]
]

. subreg[ 2

subreg| 4]
subreg( 4]

.urx=MAP_REG{ row] [ tcol].
. ury=MAP_REG{ row] [ tcol].
11x=MAP_REG[ row] [ tcol].
11y=MAP_REG[ row] { tcol].

.urx=MAP_REG([ row] [ tcol]
. ury=MAP_REG[ row] [ tcol].
. 11x=MAP_REG{ row] [ tcol]
. 11y=MAP_REG{ row] [ tcol]
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. subreg|[ 2]

subreg| 2]

. subreg{ 2].
.subreg{ 2].

.urx+9,
.ury,
C11x,
.11y,

.urx+9,
.ury,

11x,
lly,

.urx=MAP_REG[ nrow] [ tcol] . subregf 1].urx,
.ury=MAP_REG[nrow] [ tcol]. subreg| 1}.ury,




MAP_REG!nrow][tcol].subreg[4].11x=MAP_REG[nrow][tcol]. subreg| 1)
MAP_KEG! nrow] [ tcol].subreg[4]. 11y=MAP_REG[nrow] [ tcol]. subreg| 1]
sub3c =1;
if (sub5c == 1)
MAP_REG{nrow]{tcol].subreg[2]).urx=MAP_REG[nrow] [ tcol].subreg/ 4]
MAP_REG[ nrow] [ tcol].subreg|2].ury=MAP_REG[nrow]{ tcol].subreg| 4]
MAP_REG[ nrow] [ tcol]. subreg{2]. 11x=MAP_REG[ nrow] [tcol].subreg| 4]
MAP_REG[nrow] [ tcol]. subreg[ 2] . 11y=MAP_REG[ nrow] [ tcol]. subreg| 4]
m =4,
sub5>a = 1;
if (sub3a == 1)
fact = (nrow * ydim) -(ydim - 7) - m,
MAP_REG[nrow] [ tcol]. subreg{5]. urx=MAP_REG[ nrow] [ tcol]. subreg[ 2]
MAP_REG[nrow] [ tcol]. subreg[5].ury=MAP_REG[nrow]{ tcol].subreg[ 2]
MAP_REG[ nrow] [ tcol].subreg{3]. 11x=MAP_REG[nrow]{ tcoll.subreg| 2]
MAP_KEG[ nrow] [ tcol].subreg{3]. 11y=MAP_REG[nrow][tcol]. subreg| 2]
subdb = 1;
if (sub5b == 1)
MAP_REG[ nrow] [ tcol]. subreg| 6] . urx=MAP_REG[ nrow] [ tcol]. subreg{ 5]
MAP_REG[ nrow] [ tcol]. subreg{ 6] . ury=MAP_REG[nrow] [ tcol]. subreg[ 5]
MAP_REG[nrow] [ tcol]. subreg[ 6] . 11x=MAP_REG{ nrow] [ tcol] . subregl 5]
MAP_REG[nrow] [ tcol].subreg|6].11ly=MAP_REG[nrow][tcol].subreg[ 5]
sub5c = 1;
if (sub5c == 1 && saveritecol != 0)
MAP_REG[nrow} [ tcol]. subreg[ 19].urx=
MAP_REG[nrow] [ tcol]. subreg[ 6] . urx+factor,
MAP_REG[nrow] [ tcol]. subreg[ 19] . ury=MAP_REG[ nrow] [ tcol]. subreg[ 6].
MAP_REG[nrow] [ tcol].subreg{ 19]. 11x=MAP_REG{ nrow] [ tcol].subreg{6].
MAP_REG[nrow] [ tcol].subreg{ 19]. 11y=MAP_REG[nrow] [ tcol].subreg[6].
if (sub5c == 1 && saveritecol == 0)
MAP_REG[nrow] [ tcol]. subreg[ 19].urx=MAP_REG[ nrow] [ tcol].subreg[ 6].
MAP_REG[ nrow] [ tcol]. subreg[ 19] . ury=MAP_REG[ nrow] [ tcol] . subreg[ 6] .
MAP_REG[ nrow] [ tcol] . subreg|[ 19]. 11x=MAP_REG[ nrow] [ tcol]. subreg[ 6].
MAP_REG[nrow] [ tcol].subreg[ 19]. 11y=MAP_REG[ nrow] [ tcol}. subreg{ 6].

} /* endif netnum != 0 */

if (sub5c == 1 && saveritecol != 0){

for(i = tcol; i<=

MAP_REG[ nrow] [ i] . subreg[ 1] . netnum
}

saveritecol; i++){
netnum;

/* update appropriate track with appropriate net# */
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.urx,
Lury+a,
L 11x+1,
. lly+4,

. urx,
.ury+fact,
.urx-3,
.ury,

. urx,
.ury+l,
.urx-4,
.ury-3,

ury-1,
urx,
1ly;

urx,
ury-1,
urx-12,
11y;




if (sub5c == 1 && saveritecol == 0){
MAP_REG[ nrow] [ tcol]. subreg| 1] . netnum = netnum;
}

return(0);

}
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MESSAGE.C

[ S e eV e veve et e et e v ve ettt veveed . R - tete ]
; ::: :.:: ;
/* ROUTINE TO HANDLE SITUATION CHANNEL DENSITY IS */
/% EXCEEDED AND MESSAGE IS SENT TO USER TO v/
/* INCREASE THE DENSITY. w/
/',:r ' ' /
[ e ! foded Veveveved o ki st /

#include 'globe.h"
ffinclude <stdio. h>
PRCC message(L)
int L;

{

int dense;

dense = MAX + 1;

printf(""THE CHANNEL DENSITY CAPACITY HAS BEEN EXCEEDED !!!\n");
printf("THEREFORE YOU MUST RESTART THE PROGRAM AND INCREASEn');
printf("THE DENSITY BY ONEn');

printf("DENSITY = %d",dense);

printf(" 'n");

printf("START = %d",start);

printf(" n");

return(L);

}
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UPDATERI2A.C
#include "globe.h"
sfinclude <stdio.n>

PROC updaterl2a(k,dimension,0,row,tcol)
int k,dimension,0,row,tcol;

{
/ Sedededeevevevedeveede e oo e e e e Yoo e Ao e e el dedleen e e e e et /
/:': o /
/*  ROUTINE TO HANDLE COORDINATE UPDATE FOR */
/* */
/%  RIGHT SCAN REGION ONLY .THIS IS THE SITUATION */
/* ¥*/
/*  WHERE ENTERING NETNUM IS METAL1 or METAL2 */
/:'.- ki /
/%  AND THERE IS AN EXISTING TRACK WITH SAME NET NUMBER */
/ b % /
/*  IN THE ROUTING REGION. ENTRANCE IS FROM TOP OF */
/% */
/*  REGION. */
/7':7’:7‘:*:’:1’:'.‘:'.’:-.':-.'::':7':7'::':7’:7’:7‘::'.--.'\--.’r-,’:7':7’:7’:-,’:-,'.--.':7‘:7':-,':*-.’:-.’::'\-*7'\-z'.-*7':‘.':‘.':7':7':7':7'(-.':-.’f7’:*-,':-.':7'=:'.--.'::'=-.’:-.'.' /

int j,dim0,diml,ydim,trow;
int subla,sublb,sublc,subld,save;

diml = dimension - 8;
dim0 = dimension - &4;
vdim = dimension;
trow = 0;

save = 0;
trow = row =-1;

subla H

)]
=
&
e
0
wuwunn
[oXeoXoKe

-

if (k == 1)
MAP_REG[ trow] [tcol]. subreg[ 3] . urx=MAP_REG[ row] [ tcol). subreg{ 1]. 11x+4,
MAP_REG{ trow] [ tcol]. subreg[ 3} . ury=MAP_REG[ row] [ tcol]. subreg{ 1]. 11y,
MAP_REG|[ trow] [tcol]. subreg[ 3] . 11x=MAP_REG| row] [ tcol] . subreg[ 1]. 11x,
MAP_REG{ trow)] [ tcol]. subreg| 3]. 11y=MAP_REG[ row] [ tcol]. subreg{1]. 11ly-4,
subla = 1;

else if (k = 2)
MAP_REG[ trow] [tcol]. subreg[ 2] . urx=MAP_REG[ row] [ tcol]. subreg| 2].
MAP_REG[ trow] [ tcol]. subreg[ 2].ury=MAP_REG| row] [ tcol].subreg[ 2]. 11y,
MAP_REG[ trow] [ tcol].subreg|[2]. 11x=MAP_REG[ row] [ tcol}.subreg]2].
MAP_REG[ trow] [ tcol]. subreg[ 2}. 11y=MAP_REG[ row] [ tcol}. subreg{ 2].
sublb = 1;
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if {subla == 1)
MAP_REG] trow][tcol]. subreg[ 2] . urx=MAP_REG{ trow] [ tcol].subreg[3]. 11x+3,
MAP_ne3[trow] [ tcol]. subreg! 2] . ury=MAP_REG| trow][ tcol].subreg[3]. 11y,
MAP_PREG[ trow][tcol].subreg[2]. 11x=MAP_REG[ trow]{ tcol].subreg[ 3]. 11x,
MAP_REG{ trow] [ tcol].subreg|[2]. 11y=MAP_REG| trow] | tcol].subreg[3].1lly-diml,
sublb = 1;

if (sublb == 1)

MAP_REG| trow] [ tcol]. subreg 2] . urx=MAP_REG|[ trow] [ tcol]. subreg[ 2] . urx,
MAP_REG[ trow] [ tcel]. subreg 2] . ury=MAP_REG|[ trow] [ tcol]. subreg{ 2].ury,
MAP_REG[ trow] [ tcol].subreg[ 2] . 11x=MAP_REG| trow] [ tcol].subreg[ 2] . 11x,
MAP_REG| trow] [ tcol].subreg[2].1lly =

MAP_REG[ trow] | [2].1ly-ydim*O,

suble = 1;

tcol]. subreg

if (sublec == 1)
MAP_REG| trow] [ tcol]. subreg[4].urx=MAP_REG[ trow][ tcol]. subreg[2].11x+4,
MAP_REG{ trow]{tcol].subreg[4]. ury=MAP_REG[ trow] [ tcol].subreg{2].1ly,
MAP_REG[ trow] [ tcol].subreg[ 4]. 11x=MAP_REG[ trow][tcol]. subregf2].11x,
MAP_REG[ trow] [ tcol].subreg{4]. 11y=MAP_REG[ trow] [ tcol].subreg[2].1ly-4,
subld = 1;

trow = save;

return(0);

}
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UPDATER3AZB.C

A
N bt i)

/ """ ey e e e e e e e e e e e ey e e e e e e e e e e e e e e e e e e e e e e ey /
/ IS e/
/% ROUTING FOR RIGHT SCAN REGION */
/% ROUTINE TO HANDLE SITUATION WHERE PIN IS METAL1 OR %/
/% METAL2 ENTERING FROM TOP OF ROUTING REGION ¥/
/% BUT THERE IS NOT AN EXISTING TRACK WITH THE SAME ¥/
/* NET NUMBER. */
/:’: v /
[ ededeiededrisediededededede e dednt oo de et dede dededededede e dede st e dede e dede e dede dededeste e et /

itinclude "globe.h"

j#include <stdio.h>

PROC updater3a3b(k,trow,tcol,dimension,0,row,col)

int k,trow,tcol,dimension,0,row,col;

{

int i,savritecol,f,nrow,ydim,dim0,diml,fact,savecol;
int sub3,sub3a,sub3b,sub3c,sub3d,netnum,limit0, limitl;

netnum = tkeep[tcol];
dim0 = dimension -4;
diml = dimension =-8;
ydim = dimension;
savecol = 0;

fact = 0,
savritecol = 0;
sub3 = 0;
sub3a = 0;
sub3b = 0;
sub3c = 0;
sub3d = 0;

i = tcol + 1;

while(i <= col){

if(tkeep{i] == netnum | { bkeep[i] == netnum)
savritecol = i,
f = (savritecol - tcol)*16;

i=1i+ 1
}/* end while loop */

i = tcol - 1;

while(i !'= 0){

if(tkeep[i] == netnum | | bkeep{i] == netnum)
savecol = i,
fact = (tcol - savecol)*16;

i=1i-1
}/% end while loop */
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nrow
0 = MAX - nrow;

if(netnum !'= 0 && nrow !'= 0){

if (k == 1)
MAP_REG[ trow] [ tcol]
MAP_REG[ trow] [ tcol]
MAP_REG[ trow] [ tcol].
MAP_REG[ trow] [ tcol].

sub3 = 1;

else if (k
MAP_REG[ trow] [ tcol].
MAP_REG[ trowj [ tcol].
MAP_REG[ trow] [ tcol].
MAP_REG] trow] |

sub3b = 1;

)

2)

if (sub3== 1)
MAP_REG] trow] [ tcol].
MAP_REG[ trow] [ tcol].
MAP_REG[ trow] [ tcol].

MAP_REG{ trow] [ tcol].

sub3b = 1;

if (sub3b = 1)
MAP_REG[ trow] [ tcol].
MAP_REG[ trow] [ tcol].
HAP_KREG[ trow] [ tcol].
MAP_REG[ trow] [ tcol].
MAP_KEG[ trow] | tcol].

sub3c =1;

if (sub3c 1)
MAP_REG[ trow] [ tcol].
MAP_REG[ trow] [ tcol].
MAP_REG[ trow] | tcol]}.
MAP_REG[ trow] [ tcol]

sub3d = 1;

if (sub3d == 1)
MAP_REG[ trowj [ teel]
MAP_REG[ trow] [ tcol].
MAP_REG| trow] [ tcol]
MAP_REG[ trow] [ tcol].

tcol].s

. subreg( 3]
. subreg|[ 3]

subreg[ 4]
subregl 4]

.subreg[ 19].
subreg[ 19].
.subreg[ 19].
subreg{ 19].

rowfindl(savecol,savritecol,tcol,MAX);

.urx=MAP_REG[ row] [ tcol].
.ury=MAP_REG[ row]} [ tcol].
subreg{ 3] .
subreg| 3].

11x=MAP_REG| row] [ tcol].
11y=MAP_REG| row] [ tcol]

.urx=MAP_REG[ row] [ tcol].
.ury=MAP_REG[ row] [ tcol].
. 11x=MAP_REG[ row]} [ tcol].
. 11y=MAP_REG| row] [ tcol].

.urx=MAP_REG[ trow] [ tcol]
.ury=MAP_REG[ trow] [ tcol]
. 11x=MAP_REG[ trow] [ tcol]
. 11y=MAP_REG[ trow] [ tcol].

.urx=MAP_REG[ trow] [ tcol].
.ury=MAP_REG[ trow] [ tcol].
. 11x=MAP_REG{ trow]{ tcol]
.1lly=

. 1ly-ydim*0,

.urx=MAP_REG[ trow] [ tcol].
.ury=MAP_REG| trow] [ tcol].
subreg| 4] .
.subreg[ 4].

11x=MAP_REG{ trow] [ tcol]
11y=MAP_REG[ trow] [ tcol]

11t

urx=MAP_REG[ trow] [ tcol].
ury=MAP_REG[ trow] [ tcol].
11x=MAP_REG[ trow] [ tcol].
11y=MAP_REG{ trow][tcol].

.subreg[3

.subreg[ 3
subreg[ 3

subreg]
subregf

2]
2]
.subregf 2]

subreg[ 2

.subreg| 2
.subreg( 2

.subreg[3%.
]
]

subreg[Z}.
]
]

subregf4].
subreg[ 4] .
subreg| 4].
subreg[ 4].

. 11x+4,
.1ly,

B

.11x,
.subreg| 1].

lly-4,

. 11x+3,
.1ly,
.11x,

. 1ly-dim0,

11x+3,
lly,
.1ix,
.1lly-diml,

.urx,
.ury,
L1lx,

L 11x+4,
11y,
.11x,
.1ly-4,

11x+12,
1ly+3,
urx,
11y;




if (savecol !'= 0)
HAP_va~trou,[tcol] subreg[ 19]).urx =MAP_REG[ trow][tcol].subreg[19].urx,
MAP_REG[ trow]{tcol).subreg[ 19].uryv=MAP_REG[ trow][tcol].subreg[ 19]}.ury,
HMAP_REG! trow] [ tcol]. subreg! 19]. 11x=
MAP_REG|! trow] [ tcol].subregl 16]. 11x-fact,
MAP_REG! trow] [ tcol].subreg[ 19]. 11y=MAP REG[trov][tcol] subreg! 19]. 11y; .

if (savritecol !'= 0)
V\D _REG! trow][tcol].subreg[ 19]. urx=MAP_REG[ trow] [ tcol]}.subreg 19].urx+f,
AP RELLtrovl[tcol].subreg{19].ury—WAP REG[ trow] [ tcol].subreg{ 19].ury,
”xA Gl trow}{tcol].subreg[ 19]. 11x=MAP_REG| trow] [ tcol].subreg{ 19]. 11x,
MAP RLG[trou][tcol].subreg[19].lly‘“AP_REG[trow]{tcol].subreg[19].lly;

} /* endif netnum !'= 0 */

if(tecol == col)
limitl = O;

else if(tcol '- col)
limitl = 1;

if(savritecol == col)
limit0 = 0;

else if{savritecol !'= col)

limit0 = 1;

/* update track with the appropriate netnumber ¥/

if (savritecol != 0 && savecol == 0){
for(i = tcol; i<= savritecol+l; i++){

MAP_REG[ nrow]} [ i) . subreg[ 1] . netnum = netnum,
}
}

if (savritecol != 0 && savecol !'= 0){
for(i = savecol; i<= savritecol+l; i++){ .




MAP_REG{ nrew] [ i) . subreg{ 1] .netnum = netnum;
J
}

if (savritecol == 0 && savecol != 0){
for(i = savecol; i<= tcol+l; i++){
MAP_REG[ nrow] [ i] . subreg[ 1] . netnum = netnum;

if (savritecol == 0 && savecol == 0){
MAP_REG[nrow] [ tcol]. subreg|[ 1] .netnum = tkeep|tcol];
}

return(0);

J
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ROWFIND.C
#include 'globe.h"
#include <stdio. h>

/****************************************************/

/ % ¥ /
/¥ ROUTINE TO FIND AN EMPTY TRACK BETWEEN TO */
/% PINS IN THE RIGHT SCAN AREA. */
/% USED AS A CALL FROM UPDATES5AS5B.C */
/ 5 */
/ 7t ¥ /

/ FeYe Y e T e Yo e e e v e e e Yo T Yo Yo e e S v s v v e e e dedle e e de v e v s sk dledkedle s e este /
PROC rowfind(ritecol,tcol,MAX)

int ritecol,tcol,MAX;

¢
int i,]j,storecount,nrow;

nrow = 0;

if(ritecol = 0){
for(i = 1;i<= MAX; i++){
storecount = 0O

for(j =tcol; j<=ritecol; j++){
if(MAP_REG[ i][ j].subreg{1l].netnum == 0)
storecount = storecount + 1;
if(storecount == ritecol-tcol)
nrow = i,
j = ritecol + 1,
i = MAX + 1;

s N St

if(ritecol == 0){
for(i = 1; i<= MAX; i++){
1f(MAP_REG[ i][ tcol]. subreg[ 1].netnum == 0)
nrow = i,
i=MAX + 1;
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if(nrow == Q)
message(0);

return(nrow);
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ROWFINDI.C
itinclude "globe.h"
i#include <stdio. h>

lretantsntentontantestsnisnlsntensntsntsnlsnte nfanlontsalantantonlontantentsatsntents lantoalantenteatsnlsatonten s cle sl nte oo nleels ate ota n's elon'a slow’s
/::

/% ROUTINE TO FIND AN EMPTY TRACK BETWEEN TO

/¥ PINS IN THE RIGHT SCAN AREA.
/* USED AS CALL FROM UPDATER3A3B.c

$osh o s

- % o

S
At
PN
o,

wetenlententents sty atantantontadtantontontratlontsntantsntanfoatactsntonlantanan’s u'a nt,
T IITIIN TN TN TNTITILALIINIVOITITINVENLUTLNNEW

PROC rowfindl(savecol,saveritecol,tcol,MAX)

int savecol,saveritecol,tcol, MAX;

{

int 1i,j,storecount,nrow;

nrow = 0;

if(saveritecol !'= 0 && savecol !=0){
for(i = 1;i<= MAX; i++){
storecount = 0;

for(j =savecol; j<=saveritecol; j++){
if(MAP_REG[ i} [ j].subreg[ 1] .netnum == 0)
storecount = storecount + 1;
if(storecount == saveritecol-savecol)
nrow = i,
j = saveritecol + 1,
i = MAX + 1;

if(saveritecol != 0 && savecol == 0){
for(i = 1; i<= MAKX; i++){
storecount = 0;

for(j =tcol; j<=saveritecol; j++){
if(MAP_REG[ i][ j]. subreg{ 1] .netnum = 0)
storecount = storecount + 1;
if(storecount == saveritecol-tcol)
nrow = i,
j = saveritecol + 1,
i =MAX + 1;

Nt St St
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if(saveritecol == 0 && savecol != 0){
for(i = 1;i<= MAX; i++){
storecount = 0;

for(j =savecol; j<=tcol; j++){
if(MAP_REG[ 1] [ j) . subreg{ 1]).netnum == 0)
storecount = storecount + 1;
if(storecount == tcol - savecol)
nrow = i,
j = tcol + 1,
i = MAX + 1;

if(saveritecol == 0 && savecocl == 0 ){
for(i = 1; i<= MAX; i++){
if(MAP_REG[ i] [ tcol]. subreg|[ 1].netnum == 0)
nrow = i,
i = MAX + 1;

if(nrow == 0)
message(0);

return(nrow);
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NUMBER.C
#include "globe.h"
f#finclude <stdio.h>

/ R e e e e e o e e e e R L R e G Yt o T S R Y B DY L T B T T TY TS /
/ we e /
/-.': =t /
/% THIS ROUTINE CALCULATES THE MAXIMUM */
/* TRACKS FOR ANY GIVEN COLUMN IN THE */
/* ROUTING AREA AND CONSIDERS THE */
/% SAME NET ONLY ONCE PER COLUMN PER SIDE */
/~,': o /
/ b ki /
/ TeYrTr e stk Y e Yo sl vk e de e s S e e v sk de e S d e e e v T e sk de v s o e e /

PROC number(col,top,bottom,limit)
int col,top[] ,bottom{],limit;

int *psave,comp(),left[101] ,right[101];
int j,i,p,track;
for(j=0; j<col; j++){

start=j+1;

save[ j] = *(top+j); /* read in the top terminal nets */
stop = (2%j)+2; /¥ on the left side of column */
i=0;

for( j=start; j<stop; j++){ /* do the same for bottom */
save[ j]= *(bottom+i);
i=i+1;

}

/* sort the "left" nets in ascending order */
g

gsort(save,stop,sizeof(int),comp);

for (i=0; i<101; i++){
left[ 1] =0;

i= 0Oy

psave = &save[O0];
left{ 0] = *psave;
while (i<stop-1){

i=i+1; .
if (save[i] != save[i+l]) /* get rid of duplicate nets */
left[i] = *(psave +i+l);

14

/* now do the same for right side as was done for the left side */
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i=0;
for(j=col; j<=limit; j++){

start=i+l;

save[ 1] = *(top+]);
stop = (2%1i)+2;
i=i+1;

]

i=col;

for( j=start; j<stop; j++){
save[ j]= *(bottom+i);
i=i+];

}

qsort(save,stop,sizeof(int),comp);

for (i=0;i<101; i++){
right{ i]=0;
}

i= 0;

psave = &save[0];

right{0] = *psave;
while (i<czop-1){

i=i+1;

if (save[i] != save[i+l1])
right{i] = *(psave +i+l);
track=0;

/™ now correlate data and see how many matches %/
/% there are and that is the number of tracks ¥/
/% for the current column */

for(i=0; i<stop-1; i++)
for( j=0; j<stop{l; j++){
if(left] i]==0)
track=track;
else if(left{i] == right[j])
track=track+l;
else if(left[i] != right[j])
track=track;

}
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return(track); /* return the value ¥/

}

comp(i,j)
int *i,*j;

{ U 0
return *i-*j;

}
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INPUT.C
#include "globe.h"
s#include <stdio.h>

/7'. ' efedededevedeevevedededededlevedededevedede e e de e e e e -'r/
/* THIS ROUTINE DOES THE CHANNEL */
/¥ 5/
/¥ INTIALIZATION FOR NEW INPUTS */

PROC input(q) /% i/
/* AND THEN STORES THE DATA IN A FILE ¥/
/* v
/ CALLED TEMP. DATA FOR Fb URE USE ¥/
/ A R T P AL P AL AL b ¥ Srdedeeys /

int q;

{

FILE *fp,*fopen();

int n; /* user specified number of terminals ¥/

int i,limit,j;

int rbound; /% right bound of switchbox¥/

int count; /* counter used as situation dictates */

int chck,check,*ptop,*pbot,k;

/-.'.--;'n'e:'n'c YevereieedtietYede e et de e e Yoo de e e e el e e e v e v v e v sl e e e o /

/* */

// kg % /

/7 USER INPUT SECTION

/* ’/

/" s /

/-.'- *® /

/****ﬁ*************************************************************/

m"mon n

fp = fopen('temp.data","w'");

/% USER SPECIFIES THE NUMBER OF TERMINALS

prlntf( \n");

pr1ntf( in'");

printf("specify the number of terminals n = ");
scanf("”3d"a&n),

printf(" n');

fprintf(fp,"%d:n",n);

prlntf("THE NUMBER OF TERMINALS IS%3d'n", n);

*/




/* initialize limit for netlist
and row and col

for(i=1;i<2;i++){
limit=n+1;

row = n-1;

col = n+l;
rbound=col+l;
count=1;

}

top{ 0] =0;

bottom[ 0] =0;

top[ rbound] =0;

bottom| rbound] =0;
fprintf(fp, ' '%dn",top{ 0] );
fprintf(£fp, " %d':n",bottom| 0] );
fprintf(fp,"%d n",top[ rbound] );
fprintf( fp, '%d n'" ,bottom| rbound} );

/% USER INPUTS A SPECIFIED NETLIST

for (i=1; i<limit; i++){
top[ 0} =0;

bottom[ 0] =0;

top[ rbound] =0;

bottom[ rbound] =0;

printf(" n");
printf("ENTER THE NETLIST # FOR TOP%3d",i," =");
printf("=");

scanf("%2d",&top[ 1] );
fprintf(£fp, %din",top[ i] );

printf(" n");
print£("ENTER THE NETLIST # FOR BOTTOM%3d",i," = ");
printf("=");

scanf("%3d",&bottom| i] );
fprintf(fp,"%din" ,bottom| i} );

Tracks[ 0] =0;

printf("TRACKS PER COLUMN IS AS FOLLOWS:n");
printf(" in'");

for (i=1;i<=col; i++){

/* call number's and find ¥/
/% max tracks for that column ¥%/

Tracks[ i] = number(i,&top[ 0] ,&bottom[ 0] ,limit);
scol[i] = Tracks[i]; /* save for later use
printf("tracks = %din",Tracks[i]);
if (Tracks[ i) <=Tracks[i-1])
Tracks[ i] = Tracks[i-1];
else if (Tracks[i]>Tracks{i-1])




MAX=Tracks[ i];

}

‘prlntf(fp,"?d.n",MAX);

printf(" in'');

prlntf("THE CHANNEL DENSIT: IS THE MAXIMUM");

printf(" n'");

prln*f("HORIZO\TAL LRACRS = %3d':n" ,MAX);

printf(" n");

/-'-a'-vr-":c e e e Y e e e e e de s e sk e e s v et e Todkede bl Y v s b sk e s vl Yo s e e e Yede s v e sl ves c/
/... w/
A NOW INPUT NETLAYER FOR TOP PINS */
/* */
/ ereve e s Ye s e e e e e Y e Yo sk s e e e de v e e e ve s e e e e e o **w*w*ac"nﬁnr"nn""v'---/

for (i=1l;i< colj;i++){

row = MAX + 1;

tcol = i

printf(''enter the netlayer for top%d:",i);

scanf("%s",response);

metall = "metall”

check = strcmp(response metall);
fprintf(fp,"%d:n",check);

chck = check;

if(check == 0)

MAP_REG| row] [ tcol] . subreg[1]. layer = "metall",

MAP REGTrow][tcol subreg[ 7]. layer = "metall”,
fprintf(fp, '%sin', MAP _REG[ row] [ tcol].subreg| 1]. layer),
fprlntf(fp,"%s 0" ,MAP_REG[ row] [ tcol]. subreg[ 7]. layer);
else if (check '= 0)

MAP_REG[ row] [ tcol]. subreg[2]. layer = "metal2"”,

MAP_REG{ row] [ tcol]. subreg[7]. layer =

fprintf(£fp, %sin" ,MAP_REG[ row] [ tcol]. subreg[ 2]. layer),
fprlntf(fp,"%sn",MAP REG[ row] [ tcol]. subreg| 7] . layer);

if(chck == 0)
k=1;

else if(chck != 0)
k=2;

/ Jededededededevedevedededededededededeveiedededodededodedevede v e e dede e dedeviededevievededede dedtevde dedoviode e dede et dete /

/a’e */
Al INPUTTING NET NAME & NUMBER FOR TOP PINS */
/”e */

/*****************************************************************/
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printf("TYPE IN top%d:",i);

szanf("%s" ,MAP_REG[ rew] [ tcol]. subreg[ k] .netname);
ptop = &topli];

MAP_REG[ row] [ tcol].subreg[1l].netnum = *ptop;

MAP_REIG[ row] [ tcol].subreg[ 7] .netnum = *ptop;

/ e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e /
/% FOR TOP PINS ¥/
/% SET THE COORDINATES SO THAT ALL ALIGNMENT IS ON LEFT */
/* BOUNDARY OF GRID OR BOTTOM BOUNDARY OF GRID */
/¥ v/
J e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e /

MAP_REG[ row] [ tcol]. subreg[k]. 1llx
MAP_REG[ row] [ tcol].subreg{k].1lly
AP_REG[ row] [ tcol].subreg[k].urx
MAP_REG[ row] [ tcol] . subreg[k]. ury

(tecol = 1) * 24;
MAX#*24;

(tcol - 1 ) * 24 + 35
MAX*24 + 3;

[

fprintf(fp, "%d n'",MAP_REG[ row]
ferintf(fp,"%d n' ,MAP_REG[ row]
fprintf(fp, %dn' ,MAP_REG[ row]
fprintf(fp, '%din" ,MAP_REG[ row]

tcol]. subreg{k]. 11x);
tcol].subreg[k]. 1ly);
tcol].subreg[k].urx);
tcol]. subreg[k] . ury);

— —— ——

MAP_REG[ row] [ tcol] . subreg 11x (tcol - 1) * 24;

[7]. =

MAP_REG[ row] { tcol] . subreg{ 7] . 11y = MAX*24;

MAP_REG[ row] [ tcol] . subreg{ 7] . urx = MAP_REG[ row] [ tcol]. subreg[7]. 11lx;
MAP_REG[ row] [ tcol] . subreg[ 7] . ury = MAP_REG[ row] [ tcol]. subreg[ 7]. lly;
fprintf(£fp," "%d'n" ,MAP_REG| row] [ tcol]. subreg[7]. 11x);
fprintf(£fp,"%d n'" ,MAP_REG[ row][tcol]. subreg|7].1ly);

fprintf(fp, %d n'" ,MAP_REG[ row] [ tcol]. subreg{7].urx);
fprintf(£fp,'%d.n" ,MAP_REG[ row] [ tcol]. subreg{ 7] .ury);

printf(".n")

***************#*************************************************/
i NOW INPUT NETLAYER FOR BOTTOM PINS ¥/
te wla
Sededededededede e de e Y e Yoo e e e e dede e e e Sedle e e e e e P oo e e e e e e e e e e e e e Ve dede Ve e el e dededeedede ;
for (i=1;1i< col; i++){
row = O,
tcol = i;

. " " o,
printf( enter the netlayer for bottom%d: ,i);

/
/
/

N

scanf("%s:,respo§se);
metall = "metall;
check = strcmp(response,metall);
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fprintf(fp," "%d n",check);

chck = check;

if(check == 0)

MAP_REG[ row] [ tcol].subreg[1]. layer = "metall",
MAP_REG[ row] [ tcol]. subreg[7]. layer = "metall",
fprintf(fp, %s n'' ,MAP_REG{ row][tcol].subreg[1]. layer),
frrintf(£fp, %s n'' ,MAP_REG| row] [ tcol].subreg[ 7] . layer);

else if (check != 0)

) MAP_REG[ row] [ tcol]. subreg[ 2]. layer = "metal2",
MAP_REG| row] [ tcol].subreg{ 7]. layer = "metal2",
fprintf(fp, %sin'' ,MAP_REG| row][tcol].subreg[2]. layer),
fprintf(fp,"%s'n" ,MAP_REG| row] [ tcol].subreg| 7]. layer);

if(chck == 0)
k=1;

else if(chck '= 0)
k=2;

[ e e edededesede et e e ettt Fedevededede e dede st Yoot T dest s e de e e de s dede e de e ey

ki 4

/ ks ki /
/¥ INPUTTING NET NAME & NUMBER FOR BOTTCM PINS */
/% '
/

ey e e e Y e e e e e s ey e e e e e e Yo e e Yo vk Yo sk e vl s e v s s e s et v v s s v ae v s v s sl v vl e /

printf("TYPE IN bot%d:",1i);

scanf("%s'" ,MAP_REG[ row] [ tcol]. subreg[k].netname);
pbot = &bottom[ i];

MAP_REG[ row] { tcol]. subreg[ 1] . netnum = *pbot;
MAP_REG[ row] [ tcol] . subreg[ 7] . netnum = *pbot;

/ Fevevry e e e e e e e ey e e e e e e e dede e v Vet v sk v e v s e e Yo sl v v veae Yo v e vl e vk e e v vl v v ok ot ot /
. /¥ FOR BOTTOM PINS */
/% SET THE COORDINATES SO THAT ALL ALIGNMENT IS ON LEFT */
/¥ BOUNDARY OF GRID OR BOTTOM BOUNDARY OF GRID */
/ 7 o /

/*****************************************************************/

MAP_REG[ row] [ tcol] . subreg[k]. 11x = (tcol - 1) * 24;

MAP_REG[ row] [ tcol] . subregl[k]. 1lly = -7;
MAP_REG[ row] [ tcol].subreg[k].urx = (tcol = 1 ) * 24 + 3;
MAP_REG[ row] [ tcol]. subreg|[ k] .ury = -4;

fprintf(fp,"%din" ,MAP_REG[ row] [ tcol]. subreg[k]. 11x);
fprintf( fp,"%d:n" ,MAP_REG[ row] [ tcol].subreg[k]. 11ly);
fprintf(fp,''%d'n" ,MAP_REG[ row] [ tcol].subreg[k].urx);
fprintf(£fp,"%din" ,MAP_REG| row] [ tcol].subreg[k].ury);

MAP_REG[ row} [ tcol]. subreg[7].11x = (tcol = 1) * 24;

' MAP_REG[ row] [ tcol].subreg[7].1lly = -7;
MAP_REG[ row} [ tcol].subreg|{7].urx = MAP_REG| row][tcol]. subreg[7]. 11lx;
MAP_REG[ row] [ tcol]. subreg[ 7] . ury = MAP_REG[ row][tcol]. subreg[7]. 1lly;




fprintf{fp,"%d n" ,MAP_REG[ row] [ tcol}.subreg[7].11x);
fprintf(fp,'"%d n" ,MAP_REG|[ row] [ tcol].subreg[7].11y);
fprintf(fp,'%d n'',MAP_REG[ row] [ tcol].subreg[7].urx);
fprintf(fp,"%d n" ,MAP_REG| row] [ tcol]. subreg[ 7] . ury);

printf(" n");
}
fclose(fp);

return(0);
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INITIALIZE.C
zincluce "globe.h"
#include <stdio. h>

7‘\-/

aoae e
R X
\\\\\\\\

A A e

/ THIS ROLTI\E DOES THE CHA\\EL

/ T

/% INTIALIZATION FOR NEW INFUTS

/* AND THEN STORES THE DATA IN A FILE
main() /% CALLED TEMP. DATA FOR FUTURE USE
§ PA Sedfedeedereedevedee e Yedevededens Seslevesevedledesley
int n; /* user specified number of terminals
int i,limit, j;
int rbound; /* right bound of switchbox®/
int count; /% counter used as situation dictates

int chck,check,*ptop,*pbot,k;
FILE *fp,*fopen();

.....................................

* USER INPUT SECTION

"non n

fp = fopen('temp. data","w'");

/* USER SPECIFIES THE NUMBER OF TERMINALS
prlnth"n %

printf(" n"

prlptf(”THIs 'PROGRAM ALLOWS THE USER TO CREATE A DATA
printf(""FOR THE NPGS ROUTER

printf("IT WILL BE STORED IN A FILE CALLED TEMP. DATA

n‘

printf(
printf(" ‘n "Y;

printf("specify the number of terminals n = ");
scanf("%3d" ,&n);

printf(" in' ),

fprintf(fp,"%d:n",n);

prlntf("THE NLYBER OF TERMINALS 1S8%3d\n", n);

/¥ initialize limit for netlist

T R T Tt Tt P e e T L R E I T e T e NP T S L Y I D) ‘4»'7\"4\'7\"4‘77‘? """ SedrsTyestyedtved oo ve et

FILE \n"),
\:\n ) 3

N 1"t
o)

et B ik tYear

W% /

¥ /
% /
E /
W /

s /

e e e e e T e e e e v e e S e e e e s Yo e e Y Yol v sk Yook sl s sk b s sl e et (7('(7‘(**7(*“'4(**‘)‘r*?‘ﬂr/




and row and col v/

for(i=1;i<2; i++){
limit=n+1;

row = n-1;

col = n+l;
rbound=col+1;
count=1;

}

top[ 0] =0;

bottom{0]=0;

top| rbound] =

bot;om[rbound]

fprintf(fp,"" drf' ,top[ 0]);
fprintf(fp,"°d11 ,bottom[ 0] );
fprintf(fp,"°d11 ,top[ rbound] );

o

forintf(fp,"%d n" ,bottom[rbound]),

/% USER INPUTS A SPECIFIED NETLIST */

for (i=1;i<limit; i++){

top( 0] =0;

bottom| 0] =0;

top[ rbound] =0;

bottom[rbound} O

printf(’ 'n'

print£( "ENTER THE NETLIST # FOR TOP%3d",i," =");
prln*‘("—”)

scanf("%24", &top[l]),

fprlntf(fp,"°d11 ,top[ i] );

printf(" ‘n'");

printf("ENTER THE NETLIST # FOR BOTTOM%3d",i," = ");
printf("=");

scanf{"%3d" ,&bottom[ 1] );

fpr1ntf(fp,"%dr1 ,bottom[ i] );

}
Tracks[ 0] =
prlntf("TRACKS PER COLUMN IS AS FOLLOWS:n");
printf(" n'");
for (i=1; i<=col; i++){
Tracks[i] = number(l &top[ 0] ,&bottom[ 0] ,1limit);
/% call number's and find */
/* max tracks for that column */

scol[i] = Tracks[i]; /* save for later use */
printf(''tracks = %din",Tracks[i});
if (Tracks[i] <=Tracks[i-1])
Tracks{ i] = Tracks[i-1];
else if (Tracks[i]>Tracks[i~1])
MAX=Tracks[i];
}

fprlntf(fp,"%dtf'MAX),
printf(" in'");




printf(""THE CHANNEL DENSITY IS THE MAXIMUM™);

printf(” n");
printf("HORIZONTAL TRACKS = %3d n'',MAX);
printf(" n'");

EIORCI)

/¥ NOW INPUT NETLAYER FOR TOP PINS */
/* W
/ ey ev e Yok S v Yo e e s v e e n e e de e Ve e v e vl st A e e s e e e v el v de S e e e o Yo v s v v e o st /

for (i=1; i< col; i++){

row = MAX + 1;

tcol = i;

printf('enter the netlayer for top%d:",i);

scanf("%s'" ,response);

metall = "metall';

check = strcmp(response,metall);
fprintf(fp,"%d\n",check);

chck = check;

if(check == 0)

MAP_REG[ row] [ tcol].subreg[1]. laver = "metall”,

MAP_REG[ row] [ tcol] . subreg[7]. layer = "metall",
fprintf(£fp, %s:n' ,MAP_REG[ row] [ tcol].subreg[ 1]. layer),
fprintf(£fp,"%s'n" ,MAP_REG[ row] [ tcol] . subreg[ 7]. layer);
else if (check != 0)

MAP_REG| row] [ tcol] . subreg[ 2] . layer = "metal2",

MAP_REG[ row] [ tcol]. subreg[ 7]. layer = "metal2",

fprintf(fp,"%s'n" ,MAP_REG[ row] [ tcol].subreg[2]. layer),
fprintf(fp,"%sin" ,MAP_REG| row] [ tcol] . subreg[ 7] . layer);

if(chck == 0)

i

)
else if(chck !'= 0)

k=2;
/*****************************************************************/
/-.: */
/%  INPUTTING NET NAME & NUMBER FOR TOP PINS s/
/7': 5\'/

/*****************************************************************/

printf("TYPE IN top%d:",i);
scanf("%s" ,MAP_REG[ row] [ tcol}.subreg| k] .netname);
ptop = &top[i];

MAP_REG[ row] [ tcol]. subreg| 1] . netnum
MAP_REG{ row] [ tcol]. subreg[ 7] . netnum

*ptop;
*ptop;
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/ YeveyeTe e Yo ey e T e ey e e e S e Y e s e e e Y Yo e Yo v e Ve e S e Ve e e v sk ve ot /
/% FOp TOP PI\S */
/% SET THE COORDINATES SO THAT ALL ALIGNMENT IS ON LEFT */
/* BOUNDARY OF GRID OR BOTTOM BOUNDARY OF GRID ¥/
/%' */ -
//:‘: e e e e e e e Y e e e e e e e e e e e e e e e e e e e e e e e e Yoo Y s e e e e e e e sk sess /
MAP_REG| row] [ tcol] . subreg[k].11lx = (tcol - 1) * 24; ¢
MAP_REG[ row] [ tcol].subreg[k].1lly = MAX*24;
MAP_REG[ row] [ tcol].subreg{k].urx = (tcol - 1 ) * 24 + 3;
MAP_REG[ row] [ tcol]. subreg|[ k] .ury = MAX¥*24 + 3;
fprintf(fp,' %d.:n" ,MAP_REG[ row] [ tcol]. subreg{k]. 11x);
fprintf(fp,"%d n" ,MAP_REG[ row] [ tcol]. subreg[k]. 11y);
fpr1ntf(fp,"°drﬂ'MAP REG[ row] [ tcol]. subreg| k] . urx);
fprintf(fp,"%d n" ,MAP_REG[ row] [ tcol]. subreg[ k] . ury);
MAP_REG[ row] [ tcol].subreg[7].11x = (tcol - 1) * 24;
MAP_REG[ row] [ tcol] . subreg[ 7] . 11y = MAX¥24;
MAP_REG[ row] [ tcol].subreg[ 7].urx = MAP_REG[ row] [ tcol].subreg[7]. 11lx;
MAP_REG[ row] [ tcol] . subreg[ 7] . ury = MAP_REG| row] [ tcol] . subreg|[7]. 1ly;
fprintf(fp,"%d'n" ,MAP_REG| row] [ tcol]. subreg[7].11x);
fprintf(fp,"%d'n" ,MAP_REG| row] [ tcol].subreg[7].1ly);
fprintf(fp,"%din" ,MAP_REG| row] [ tcol].subreg{ 7].urx);
fprintf(fp,"md,n",MAP REG[ row] [ tcol] . subreg[ 7] . ury);
printf("in"); ‘
}
/*****************************************************************/
/7’: ¥%* /
/¥ NOW INPUT NETLAYER FOR BOTTOM PINS */
st ¥ /
/*****************************************************************/
for (i=1;i< col;i++){
row = 0;
tcol = i;
printf("enter the netlayer for bottom%d:",i);
scanf("%s ,response),
metall = "metall";
check = strcmp(response metall);
fprlntf(fp,"%dxf',check), \
chck = check;

if(check == 0)
MAP_REG[ row] [ tcol]. subreg[ 1]. layer = "metall",
MAP_REG|[ row] [ tcol]. subreg[ 7). layer = "metall",
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fprintf(£fp, %s'n" ,MAP_REG{ row] [ tcol].subreg[1]. layer),
fprintf(£fp," %s n" ,MAP_REG|[ row) [ tcol].subreg[ 7]. layer);

else if (check 1= 0)
MAP_REG[ row] [ tcol].subreg[ 2]. layer = "metal2",
MAP_REG] row] [ tcol]. subreg[7]. layer "metal2",
fprintf(fp, %s n' ,MAP_REG[ row][tcol].subreg[2]. layer),
fprintf(£fp, " %s:n" ,MAP_REG[ row] [ tcol].subreg{7]. layer);

if(chck == 0)

k=1;
else if(chck !'= 0)
k=2;
/ e e e e e e e e e e Y T T e Y S e e Y Y e e e Y Y Y e e S S Y v e e v s e v v e Yo e e e v v e o e e /
/-.'r 9% /
/% INPUTTING NET NAME & NUMBER FOR BOTTOM PINS */
/:’: % /

/ e e e e e Y e e e e Y Y e Y e e e Y T Y e Y e e e e Y Yo e e Y e sl e sl e e e Yo e ak v o e e /

printf("TYPE IN bot%d:",i);

scanf('%s' ,MAP_REG| row] [ tcol]. subreg[ k] . netname);
pbot = &bottom[ i];

MAP_REG{ row] [ tcol].subreg| 1]. netnum = *pbot;
MAP_REG| row] [ tcol] . subreg[ 7] . netnum = *pbot;

/*****************************************************************/

/* FOR BOTTOM PINS */
/* SET THE COORDINATES SO THAT ALL ALIGNMENT IS ON LEFT ¥/
/* BOUNDARY OF GRID OR BOTTOM BOUNDARY OF GRID */
/7 ¥

/*****************************************************************/

MAP_REG[ row] [ tcol].subreg[k].1llx = (tcol - 1) * 24;
MAP_REG[ row] [ tcol].subreg[k].1lly = -7;

MAP_REG[ row] [ tcol]. subreg[k].urx = (tcol - 1 ) * 24 + 3;
MAP_REG[ row] [ tcol]. subreg[k].ury = -=4;

fprintf(fp,"%d'n" ,MAP_REG[ row] [ tcol]. subreg[k]. 11x);
fpr%ntf(fp,:% ,nx,MAP_REG[row][tcol].subreg[k].lly);
fprintf(fp, %duﬂ',MAP_REG[row][tcol].subreg[k].urx);
fprintf(fp,"%din" ,MAP_REG| row] [ tcol]. subreg[k].ury);

MAP_REG[ row] [ tcol]. subreg[ 7]. 11x
MAP_REG[ row] [ tcol] . subreg[7]. 11y
MAP_REG[ row] [ tcol]. subreg{ 7] . urx
MAP_REG[ row] [ tcol]. subreg[ 7] . ury

(tcol = 1) * 24;
-7-

MA%_REG[row][tcol].subreg[7].11x;
MAP_REG[ row] [ tcol].subreg[ 7]. 1ly;

~.

fprintf(fp,"%din" ,MAP_REG[ row] [ tcol]. subreg[ 7]. 11x);
fpr%ntf(fp,x%dyﬂ:,MAP_REG[row][tcol].subreg[7].lly);
fprlntf(fp,"%duu',MAP_REG[row][tcol].subreg[7].urx);
fprintf(fp, %d'n" ,MAP_REG[ row] [ tcol].subreg| 7] . ury);
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printf("n");

}
fclose(fp);

}
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7
EH */
* THIS ROUTINE CALCULATES THE MAXIMUM TRACKS v/
* FOR ANY GIVEN COLUMN IN THE W
“ ROUTING AREA AND CONSIDERS w*
** THE SAME NET ONLY ONCE PER COLUMN PER SIDE ¥

o
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number(col,top,bottom,limit)
int col,top{] ,bottom{],limit;

int *psave,comp(),left[101] ,right[101];

int j,i,p,track;

for(j=0; j<col; j++){

start=j+1;

save[ j] = *(top+j); /* read in the top terminal nets ¥/
stop = (2%j)+2; /* on the left side of column */

1=0;

for(j=start; j<stop; j*++){ /% do the same for bottom */
save[ j1= *(bottom+i);

i=i+1]

}

gsort(save,stop,sizeof(int),comp);
/* sort the "left" nets in ascending order */

for (i=0; i<101; i++){
left[i] =0;
}

i= 0;
psave = &save[0];
left{0] = *psave;
while (i<stop-1){
i=i+l1;




if (savel[i] != save[i+l1]) /* get rid of duplicate nets ¥/
left[i] = *(psave +i+l);

}

/™ now do the same for right side as was done for the left side */

i=0;
for(j=col; j<=limit; j++){
start=i+l;

save{ 1] = *(top+ji);

stop = (2%1)+2;

i=i+1;

}

i=col;

for( j=start; j<stop; j++){
save! j]= *(bottom+i);
i=i+1;

}

gsort(save,stop,sizeof(int),comp);

for (i=0; 1i<101; i++){
right!i] =0;

i= 0;

psave = &save[0];
right[ 0] = “psave;

while (i<stop-1){

i=i+1;

i1f (save[i] != save[ i+l])
right[i] = *(psave +i+l);

track=0;

for(i=0; i<stop-1; i++)
for(j=0; j<stop-1; j++){
/™ now correlate data and see how many matches */
/* there are and that is the number of tracks */
if(left[ i]==0)
track=track;
/* for the current column %*/
else if(left{i] == right{j])
track=track+l;
else if(left[i] != right{j])
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track=track;

}

return(track); /* return the value */

}

comp(i,j)
int i, j;

return *i-*j;

}
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GLOBE.H
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/% THESE ARE DEFINITIONS USED IN THE INPUT SECTION */

A OF THE ROUTING PROCESS IN THE MAIN CALLING */

/*  ROUTINE */
;*********************************************************5
j#idefine PROC

int save{2000]; /?* used for inputting data files

int istore[400]; /* used as temporary storage

int top[ 100]; /* used as storage for top pin nets

int bottom| 100]; /™ used as storage for bottom pin nets
int tkeep{500]; /* used as temporary storage for top nets
int bkeep{500]; /* used as temporary storage for bottom nets
int scol[100]; /* used in finding starting column

int store{100]; /% used to keep count of cols that were routed-
int Tracks[101]; /* used to find the MAX density

int MAX; /* the maximum density

int row; /* the row number

int trow; /¥ temporary row number

int nrow; /* the number row for offset and painting
int num; /* number in input data file

int col; /* the number of columns

int tcol; /* temporary col numbers

int stop; /% stop indicator for incrementing

int start; /* the start scanning position

int checkl; /* checking values with other values

int anscheck; /* checking answer from user interaction
char fname[ 128]; /* name of data file for router

char *metall; /% define metall

char *metal2; /* define metal2

char buf[256]; /* buffer size for reading in data file
char *yes; /* define yes

char answer[ 100]; /* answer from user

char response[10]; /* response from user
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* LISTED BELOW IS ONE OF THE MAIN STRUCTURES THIS */
* PROGRAM WILL UTILIZE.IT SETS UP A MAP REGION IN e/
* WHICH THE ROUTING IS PERFORMED. W

“/
7\-/
7‘:/

. %
‘e % 5
v/
Ve Yo YT e e dear se S veat e e e v ek S de S de e e de v st b e de e e e ve e e e e v ve e v vedle e vt /
truct {
struct

char “*layer;

char netname[ 100];

int netnum;

int 11x;
int 11y
int urx;
int ury;

isubreg[ 25];

IMAP_REG [50][50];

struct rlist{
char 1tr[256];
}1list[2000];

/**********************************************/

/7’: W /
/e %/

/= subregionl = metall %/
/¥ subregion2 = metal2 left half */
/* subregion3 = via upper left grid v/
/¥ subregion4 = via lower left grid ¥/
/¥ subregion5 = metal2 right half */
/¥ subregion6é = via upper right grid */
/¥ subregion?7 = label coordinates v/
/% subregion8 = via for intercolumn </
/¥ connection(left) */
/¥ subregion 19 = metall track */
/% runner */f
% ¥t /
/ Pk edeveverldesk ot dede e vl sk sk e e v Yo v e de s s se e e seale e e s e s e e sl /

/* structure for reading data files ¥/
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MAKEFILE
jmakefile for program ROUTE

OEJECTS = arouter.o in.o out.o

updatel2a. o update3a3b. o updateédasdb.

update>adb. ¢ message. o updaterlla.o updater3a3b.o rowfind.
number.o rowfindl.o input.o

SQURCES = arouter.c in.c out.c

)]

updatel2a. c update3a3b. c updateéaidb.

update5a3b. ¢ message.c updaterl2a.c updater3a3b.c rowfind.
number. c rowfindl.c input.c

route: S(OBJECTS)

cc S(OBJECTS) =-o route (check this line)

S(OBJECTS): globe.h

#end makefile
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